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PREFACE  TO  THE  FOURTH  SERIES. 


In  commencing  with  the  year  1851  a  New  Series  of 
The  Philosophical  Magazine,  the  Editors  are  induced 
to  hope  that  they  may  refer  to  the  progress  and  conduct 
of  the  work  through  its  existence  of  more  than  half  a 
centmy.  Having  been  begun  by  Dr.  Alexander  Tilloch 
in  1798,  with  a  view  to  the  promotion  of  science,  it  has 
ever  been  the  object  both  of  its  original  Editor  and  of 
his  successors,  to  record  aU  the  great  discoveries  made, 
since  the  sera  of  its  commencement,  as  they  could  be  col- 
lected from  the  most  authentic  sources  foreign  as  well  as 
domestic. 

In  addition  to  the  copious  supply  which  these  afford, 
the  numerous  Original  Communications  Avith  which  the 
Philosophical  Magazine  has  been  honom-ed  by  the  most 
eminent  Cultivators  of  Science  of  the  present  day  may  be 
stated  as  giving  the  work  a  just  claim  to  general  sup- 
port. As  the  representative  also  of  the  several  Journals'* 
which  have  from  time  to  time  merged  in  this,  it  has 
long  occupied  in  all  parts  of  the  world  a  rank  similar  to 
that  held  by  the  Ann  ales  de  CJiimie  et  de  Physique ,  by 
PoggendorfF's  Annalen,  and  others ;  whilst  from  its  ex- 
tensive foreig)!  circulation  it  is  the  principal  vehicle  of 
communication  between  the  Philosophers  of  om*  own  and 
of  foreign  countries,  as  is  shown  by  the  constant  reference 
to  its  pages,  and  the  frequent  translation  of  its  Articles, 
in  foreign  scientific  works. 

The  important  duty  of  making  known  in  this  country 

*  Nicholson's  Journal :  The  Annals  of  Philosophy  :  The  Journal 
of  Science. 
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the  lahoiirs  and  discoveries  in  the  various  branches  of 
Natiu'al  Philosophy  abroad,  has,  it  is  hoped,  been  to  a 
considerable  extent  fulfilled  in  the  great  number  of 
Translations  and  Abstracts  which  have  been  given  from 
the  principal  foreign  Journals  and  Transactions,  with  a 
view  to  enable  the  reader  to  keep  pace  with  the  progress 
of  science  in  every  stage  of  its  advancement.  In  this,  as 
well  as  in  other  departments  of  the  Journal,  the  Editors 
will  now  have  the  constant  aid  of  Dr.  William  Francis, 
the  Editor  of  the  '  Chemical  Gazette,'  to  w^hose  services 
they  have  long  been  greatly  indebted,  and  with  w^hose 
assistance  arrangements  are  made  for  introducing  ma- 
terial improvements  in  the  New  Series,  and  particularly  a 
more  regular  and  fuller  accoimt  of  scientific  discoveries 
in  Eoreign  Countries. 

The  commencement  of  this  New  Series  suggests  the 
hope  that  the  Philosophical  Magazine  may  at  this  period 
receive  an  accession  to  the  mnnber  of  its  supporters. 
Those  of  its  Editors  who  have  stood  beside  it  for  half  a 
centmy,  and  made  it  their  endeavour  that  it  should  be 
honestly,  independently  and  usefully  conducted,  may  be 
permitted,  on  this  occasion,  to  lu-ge  how"  much  the  means 
of  giving  additional  interest  and  value  to  the  Journal 
nuist  depend  upon  the  support  afforded  to  them  ;  in 
the  hope  that  many  lovers  of  science  w^ho  are  not  already 
subscribers  may  take  this  ojiportunity  of  adding  to  the 
number  of  those  by  whose  encouragement  alone  the  work 
has  been  upheld. 

In  acknowledging  the  favom's  of  their  Correspondents, 
the  Editors  confidently  request  a  continuance  of  them  as 
the  best  means  of  insuring  their  future  success. 

Richard  Taylou. 

Jan.  I.  1851. 
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JANUARY  1851. 

I.  On  the  Motion  of  Fluids.  By  G.  JMagxus,  Professor  of  Na- 
tural Philosophy  in  the  University  of  Berlin^. 
[With  a  Plate.] 
1.  A  LTHOUGH  the  empire  of  physics  is  daily  expanded  by 
"^^  the  experimental  investigations  conducted  upon  all  sides, 
still  our  knowledge  regarding  the  motion  of  fluids  is  up  to  the 
present  time  very  imperfect,  and  there  is  almost  a  total  want  of 
investigations  calculated  to  enlighten  us  in  this  department  of  sci- 
entific inquiry.  The  cause  of  this  is  certainly  not  a  lack  of  interest 
as  regards  the  subject  itself;  but  the  difficulties  which  lie  in  the 
way  of  such  investigations  are  so  considerable,  as  to  leave  little 
hope  of  a  favourable  result.  These  difficulties  are  in  part  owing 
to  the  magnitude  of  the  necessary  apparatus,  and  the  unpleasant- 
ness of  operating  with  large  masses  of  water ;  but  chiefly  to  the 
total  absence  of  proper  methods  of  carrying  out  observations  or 
even  measurements  in  connexion  with  this  subject.  These  con- 
siderations will  perhaps  obtain  for  the  following  experiments  a 
more  favourable  judgement. 

2.  As  far  as  I  know,  Yenturi  was  the  first  to  assert  that  in 
the  motion  of  fluids  a  lateral  communication  of  the  motion  takes 
place;  at  least  he  is  to  be  regarded  as  the  first  who  sought  to 
establish  an  experimental  basis  for  this  view,  which  has  since 
been  favoured  with  manifold  recognition.  There  are  two  expe- 
riments cited  at  the  commencement  of  his  memoir,  Recherckes 
ewpey-imentales  sur  le  principe  de  la  Communication  laterale  du 
Mouvement  dans  les  Fluides,  which  form  the  real  supports  of  his 
opinion.  He  there  asserts,  that  if  any  very  mobile  body  be  caused 
to  approach  a  jet  of  water,  the  body  will  be  carried  forward  by 
the  ail"  to  which  a  motion  has  been  imparted  by  the  jet.     I  have 

*  Translated  fi-om  the  Transactions  of  the  Royal  Academy  of  Sciences  of 
BerHn  for  1848. 
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repeated  this  experiment  in  various  ways,  but  have  arrived  at 
different  results  from  those  described  by  Ventm*i. 

3.  It  is  known  that  a  jet  of  water,  from  the  point  where  it 
leaves  the  orifice  to  the  point  where  its  contraction  is  a  maximum, 
exhibits  itself  as  a  solid  continuous  mass ;  a  number  of  success- 
ive swellings  then  occur,  and  the  fluid  is  afterwards  divided  into 
smaller  detached  masses.  The  most  refined  test  that  can  be 
applied  to  determine  whether  the  air  is  carried  forward  by  such 
a  stream,  is  certainly  furnished  by  the  fiame  of  a  candle ;  but 
however  near  I  brought  the  flame  to  the  transparent  portion  of 
the  jet,  I  was  unable  to  detect  the  slightest  motion.  This  was 
first  observable  when  the  fiame  approached  the  second  or  third 
of  the  swellings  alluded  to,  and  became  stronger  as  it  approached 
the  point  where  the  water  was  broken  into  separate  masses. 
Here  a  violent  motion  was  imparted  to  the  flame,  which,  how- 
ever, was  in  general  soon  extinguished  by  the  spray  cast  upon  it. 
Such  is  the  action  when  the  motion  of  the  jet  is  steady ;  but  if 
it  oscillates,  which  it  frequently  does,  then  the  flame  becomes 
unsteady,  and  is  carried  forward  by  the  water  at  an  anterior 
part  of  the  jet. 

Were  the  air  in  consequence  of  its  adhesion  carried  along  by 
the  water,  the  action  must  be  strongest  where  the  velocity  of  the 
water  is  gi'eatest.  As  this,  however,  is  not  the  case,  as,  on  the 
contrary,  the  bending  of  the  flame  increases  according  as  the 
motion  of  the  water  becomes  unsteady,  there  is  reason  to  conjec- 
ture, that  if  the  unsteadiness  of  the  jet  were  entirely  to  disappear 
(which,  however,  is  perhaps  impossible),  the  motion  of  the  flame 
would  vanish  likewise. 

4.  The  other  experiment  upon  which  Venturi  grounds  his  notion 
is  the  following : — A  cylindrical  tube  AC,  Plate  I.  fig.  1,  enters 
horizontally  a  cistern  BEFD,  which  is  filled  with  water  to  DB. 
Opposite  to  this,  and  a  little  apart  from  the  end  C,  is  brought  a 
small  rectangular  canal  SMBR,  made  of  tin ;  the  upper  portion 
SR  is  open,  and  the  bottom  rests  upon  the  edge  of  the  cistern  at 
B,  the  canal  thus  rising  from  M  to  B.  If  water  be  permitted  to 
flow  with  some  velocity  through  the  tube  AC  into  the  cistern, 
the  stream  will  ascend  the  canal  MB,  and  will  flow  out  at  V. 
At  the  same  time  a  motion  occurs  in  the  water  of  the  cistern 
BDEF :  this  water  enters  the  canal  SR,  and  proceeds  forward 
with  the  stream  AC,  so  that  the  surface  sinks  in  a  few  seconds 
to  M,  the  lower  edge  of  the  canal. 

5.  Some  time  ago,  an  ingenious  modification  of  this  expe- 
riment was  published  by  Prof.  Feilitzsch*.  He  uses  for  this 
pm-pose  a  tin  vessel,  EDFG,  fig.  2,  divided  into  two  portions  by 
a  partition  HI.     A  cylindrical  tin  tube,  ABC,  2^  inches  diameter 

*  Poggendorff' s  Annalen,  vol.  Ixiii.  p.  21(5. 
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and  8  inches  long,  having  both  ends  open,  is  fastened  in  the 
partition  as  closely  to  the  bottom  as  possible :  hb  is  a  portion  of 
a  tube  6  feet  long,  connected  at  its  upper  end  with  a  water- 
holder  ;  it  is  bent  horizontally  at  b,  and  to  it  is  attached  another 
narrower  tube  ab,  the  orifice  a  of  which  opens  within  ABC 
near  the  end  BC.  The  two  divisions  of  the  vessel  communicate 
with  each  other  solely  through  the  tube  ABC  :  when,  therefore, 
the  vessel  was  filled  with  water  to  the  channel  K,  the  surface  in 
both  divisions  lay  in  the  same  horizontal  plane ;  but  when  the 
water  flowed  through  the  orifice  a  into  the  vessel,  the  level  of  the 
fluid  in  the  portion  FGHI  began  to  sink. 

6.  In  repeating  this  experiment,  I  remarked  that  the  water, 
under  suitable  circumstances,  sunk  as  low  as  the  communicating 
tube  ABC,  and  that  sometimes  even  air  was  carried  through 
along  with  the  stream.  This  suggested  to  me  the  idea,  that  it 
must  be  possible  entirely  to  hinder  the  outflow  of  water  from  a 
vessel  with  a  tolerably  wide  orifice,  by  permitting  a  stream,  the 
diameter  of  which  is  considerably  less  than  that  of  the  orifice,  to 
project  itself  against  the  water  which  fills  the  latter. 

This  conjecture  was  completely  verified.  1  mil  now  describe 
the  manner  in  which  I  made  the  experiment. 

7.  From  the  bottom  of  a  vessel  which  was  kept  continually 
full  of  water,  a  tube  7  feet  long  went  perpendicularly  downwards. 
The  tube  was  bent  to  a  right  angle  at  its  lower  end,  so  as  to 
deliver  a  horizontal  stream.  This  entered  a  vessel.  A,  fig.  3, 
about  8  inches  wide  and  10  inches  high,  near  the  bottom  of 
which  was  a  lateral  orifice  in  which  a  glass  tube  de  was  fastened. 

The  tube  was  rarely  shorter  than  6  inches ;  and  the  vessel  A 
was  in  general  so  placed,  that  the  tube  at  e  was  about  6  inches 
distant  from  the  orifice/. 

When  the  diameter  of  the  orifice  /  was  3  millims.,  and  the 
diameter  of  the  tube  de  12  millims,,  or  in  the  ratio  of  1  to  4,  the 
water  rose  in  A  to  a  height  of  250  millims.,  or  about  10  inches, 
without  a  single  drop  escaping  at  e.  When  the  diameter  of  de 
was  greater,  a  portion  of  the  water  flowed  out  before  the  above 
height  was  attained,  the  quantity  which  thus  escaped  becoming 
greater  according  as  the  diameter  of  de  increased.  It  is,  how- 
ever, evident  that  the  numbers  here  given  must  be  accepted  with 
reference  to  the  pressure  due  to  the  given  height. 

During  the  experiment  a  violent  foaming  takes  place  in  the 
tube  de.  As  the  entrance  of  the  jet  unavoidably  causes  a  vibra- 
tion of  the  fluid  in  A,  it  is  advisable  not  to  choose  the  tube  de 
too  short.  It  is  almost  a  matter  of  iudifi'erence  whether  de  be  a 
little  more  or  less  distant  fi-om  the  orifice  /. 

It  was  not  my  object  to  determine  the  ratio  of  the  orifice  and 
tube,  so  that  the  height  to  which  the  water  rises  in  A  might  be 
a  maximimi.     It  appears  to  me,  however,  that  this  proportion  is 
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not  constant ;  and  that  if  the  diameter  of  the  orifice  be  increased, 
tliat  of  the  tube  de  must  increase,  not  in  the  same  but  in  a  less 
ratio.  This  is  probably  to  be  referred  to  the  more  violent  mo- 
tion imparted  to  the  tluid  in  A  by  the  application  of  a  stronger  jet. 

8.  The  experiment  was  so  modified  that  a  vertical  jet  was 
projected  upwards  into  a  vessel  with  an  aperture  at  the  bottom, 
in  which  a  vertical  tube  was  fixed.  To  prevent,  in  this  arrange- 
ment, the  outflow  of  the  water,  the  ratio  of  the  diameters  of 
the  tube  and  orifice  must  be  considerably  smaller  than  in  the 
former  case,  perhaps  that  of  1  to  2.  This  is  doubtless  owing  to 
the  fact,  that  the  motion  of  the  fluid  exerts  here  a  more  dis- 
turbing influence  than  in  the  experiment  with  the  horizontal 
tube. 

9.  These  phsenomeua  connect  themselves  immediately  with 
those  made  known  by  the  excellent  investigations  of  Felix  Savart 
on  the  deportment  of  a  water-jet  projected  against  an  immove- 
able plane*.  The  same  investigations  inform  us  of  what  takes 
place  when  two  water-jets  meet  each  other  from  opposite  direc- 
tionsf.  I  have  repeated  these  beautiful  experiments.  When 
two  jets  of  equal  diameters  and  equal  pressui'c  meet  each  other, 
so  that  they  have  a  common  tangent,  the  water  moves  in  a  plane 
perpendicular  to  this  tangent,  and  forms  an  almost  circular 
transparent  disc,  fig.  4,  which  is  surrounded  by  a  circular  trans- 
])arent  rim,  the  latter  being  evidently  caused  by  the  water  form- 
ing itself  into  separate  masses,  which  are  driven  out  radially  in 
all  directions. 

"When  the  axes  of  both  jets  are  parallel,  but  not  in  the  same 
straight  line,  that  is  to  say,  when  one  of  them  is  a  little  higher 
or  lower  than  the  other,  the  water  moves  unaltered  in  a  plane 
inclined  to  the  tangent  of  the  jets. 

If  the  cross  sections  of  the  jets  remain  equal  as  before,  and  if 
one  of  them  move  with  greater  force  than  the  other,  the  plane 
changes  into  a  curved  surface,  the  concavity  of  which  is  turned 
towards  the  side  from  which  the  weakest  jet  proceeds.  When 
the  difi'erence  of  pressiu-e  is  greater,  the  surface  closes  up  ;  and 
the  greater  the  difl'erence,  the  greater  will  be  the  curvature  at  the 
place  where  the  jets  meet  each  other.  When  the  cross  sections 
are  diff"crent  and  the  pressures  equal,  a  curved  sui'face  is  also 
formed,  the  concavity  of  which  is  turned  towards  the  side  of  the 
smaller  jet.  But  when  both  the  diameters  and  the  velocities — 
that  is  to  say,  the  pressure  under  which  the  jets  are  projected — 
are  different,  and  when  the  pressure  of  the  jet  with  the  least 
diameter  is  greater  than  that  of  the  other,  a  curved  surface  is 
also  formed,  the  apex  of  which,  however,  as  long  as  the  ratio  of 
the  diameters  of  the  jets  does  not  exceed  that  of  1  to  4,  lies  close 

*  Ann.  de  Chim.  et  de  Phys.,  ser,  2.  vol.  liii,  p.  337. 
t  Ibid,  vol,  Iv.  p.  257. 
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to  the  orifice  of  the  larger  jet.     For  a  greater  ratio  there  is  no 
result  given  by  Savart. 

^^Taen  the  difterence  of  the  pressures  is  sufficiently  great^  and 
when  the  ratio  of  the  diameters  is  as  1  to  4,  or  something  greater, 
the  smaller  jet  penetrates  quite  into  the  wider  orifice. 

10.  In  the  experiments  described  in  §  7  this  takes  place.  Two 
jets,  as  it  were,  act  against  each  other  ;  for  the  water  in  the  cy- 
lindrical tube  may  be  regarded  as  a  wider  jet  under  a  small 
pressure.  Evidently  a  curved  surface  would  in  this  case  also  be 
formed,  did  not  other  circumstances  come  into  play,  by  which, 
instead  of  one  large  surface,  a  number  of  smaller  ones  are  formed ; 
to  these  is  due  the  foaming  already  alluded  to. 

11.  Proceeding  further  with  these  experiments,  I  permitted  the 
jet  to  project  itself  against  a  hemispherical  concavity  of  metal. 
Here  also  we  obtain,  by  a  certain  pressure  and  a  certain  magni- 
tude of  the  hemispherical  vessel,  an  oval-shaped  surface  which 
returns  into  itself*.  If  the  hemispherical  concavity  be  turned 
to  one  side  or  the  other,  the  axis  of  the  surface  of  the  water,  or  at 
least  the  point  where  it  unites  again,  falls  on  the  same  side  of 
the  jet  as  represented  in  fig.  5.  The  coming  jet  goes  then 
right  through  the  surface  without  derangingthe  formation  thereof. 
The  hemisphere,  however,  can  be  so  turned  that  the  water  will 
seek  to  unite  at  a  point  which  lies  in  the  direction  of  the  jet. 
Here  again  it  will  be  met  by  the  coming  stream  ;  and  in  this  way 
is  caused  a  peculiar  foaming  and  scattering  of  the  water  par- 
ticles, a  representation  of  which  is  attempted  in  fig.  6. 

Supposing  a  similar  action  to  occiu'  within  a  tube  the  dia- 
meter of  which  is  not  greater  than  that  of  the  oval-shaped  sur- 
face, it  is  quite  conceivable  that  the  entu'e  mass  of  water  thrown 
back  against  the  narrow  jet  will  be  arrested  by  the  latter,  and, 
forming  a  new  surface,  will  be  carried  backwards.  In  this  way 
we  can  imagine  how  the  outflow  of  a  fluid  from  a  vessel  with  a 
wide  orifice  may  be  held  back  by  a  jet  of  much  smaller  diameter ; 
and  we  are  also  enabled  to  explain  why  it  is  that  an  entire  large 
surface  cannot  be  formed,  for  it  is  broken  up  by  the  water  which 
meets  it  into  a  multitude  of  smaller  surfaces  of  which  the  foam 
is  constituted. 

13.  In  order,  however,  to  obtain  a  more  distinct  idea  of  what 
actually  takes  place,  I  have  modified  the  experiment  by  furnish- 
ing the  tube  de,  fig.  7,  with  an  addition,  7nn,  bent  upwards  at  a 
right  angle,  so  that  the  entire  tube  presented  the  appearance  of 
a  reversed  T.  The  piece  mn  was  so  applied  that  the  point  k, 
where  the  small  jet  met  the  water  within  the  tube,  lay  between 

*  I  used  in  these  experiments  a  hemispherical  coucaA-it^-  of  '24  miUims. 
diameter.  The  jet  projected  against  it  issued  from  an  orifice  3  milhms.  in 
diameter,  and  under  a  pressm-e  of  2"3  meti-es ;  the  distance  of  the  hemi- 
sphere from  the  orifice  was  about  05  of  a  meti-e. 
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d  and  m  and  very  near  to  d.  "When  water  was  ])ourcd  through 
mn  none  of  it  escaped  at  c,  but  the  whole  fluid  which  thus  en- 
tered was  immediately  ])ressed  backward  to  k;  and  this  also 
occurred  when  the  width  of  the  tube  de  was  pretty  considerable. 
The  position  of  the  point  /-,  to  which  the  water  in  the  tube 
recedes  before  the  jet,  varies  according  as  the  water  moves  ex- 
actly in  the  axis  of  the  tube,  or  a  little  al)ove  or  below  it.  But 
setting  this  aside,  the  position  is  determined  both  by  the  mo- 
mentum of  the  jet  and  that  of  the  water  which  seeks  to  escape 
from  the  vessel  A.  Hence  if  the  pressure  in  A  varies,  if,  for 
instance,  the  water  in  this  vessel  rises  while  the  pressure  of  the 
small  jet  remains  constant,  the  point  k  will  approach  nearer  to 
the  end  e. 

If,  on  the  contrary,  the  level  of  the  water  in  A  remains  con- 
stant, so  that  both  pressures  remain  unaltered,  the  point  k  where 
the  water  masses  meet  each  other  varies  with  the  pressure  of 
the  air  at  this  point. 

13.  In  the  T-shaped  tube  demn,  lig.  8,  which  is  connected  at 
d  with  the  vessel  A,  the  narrow  tube  fg,  through  which  the  small 
jet  issued,  was  so  introduced  that  the  end  /lay  near  to  m.  The 
oritice  at  g  was  then  squeezed  air-tight  upon  the  cork  e,  and  at 
n  was  attached  a  tube  which  communicated  with  a  large  empty 
bottle  B.  From  the  latter  proceeded  a  bent  tube  op,  the  lower 
end  of  which  dijipcd  into  a  cylinder  filled  with  mercury  or  some 
coloured  fluid.  When  the  level  of  the  water  at  A  was  preserved 
constant,  the  fluid  ascended  in  the  tube  op,  inasmuch  as  the  air 
was  carried  forward  by  the  water  at  k;  but  according  as  the 
mercury  ascended,  the  point  k,  where  the  small  jet  met  the 
water,  approached  m  more  and  more ;  and  on  reaching  this  point 
the  portion  w// became  filled  with  water  which  ascended  in  mn. 
It  is  evident  that  the  foaming  here  ceased. 

It  is  hardly  necessary  to  state  that  the  result  was  the  same 
when  the  bottle  B  was  omitted,  and  the  tube  from  n  was  carried 
direct  into  the  mercury ;  but  in  this  case  the  various  actions 
occurred  so  quickly  that  it  was  impossible  to  follow  them. 

14.  If  the  vessel  containing  the  mercury  be  also  omitted,  so  that 
the  pressure  of  the  atmosphere  acts  upon  the  water  in  the  tube 
mn,  and  if  the  narrow  tube  fg,  through  which  the  jet  passes,  be 
changed  for  a  wider  one,  the  latter  may  be  so  chosen  that  no  air 
shall  pass  in  by  m,  but  that  the  entire  tube  de  shall  remain  filled 
with  water.  By  a  certain  ratio  of  the  diameters  of  the  tubes  fg 
and  ed,  the  water  in  the  tube  mn  will  stand  lower  than  in  the 
vessel  A.  The  pressure  therefore  exerted  at  m  will  be  less  than 
that  at  d.  If  the  ivihcfg  be  chosen  wider,  the  fluid  will  rise  in 
mn ;  and  by  a  proper  ratio  of  the  diameters,  can  stand  therein 
much  higher  than  in  the  vessel  A. 

The  same  result  can  be  obtained  if,  instead  of  altering  the  tube 
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fg,  the  velocity  with  which  the  water  passes  through  it  be  de- 
creased. It  follows  from  this,  that  the  pressure  at  m  depends 
as  well  upon  the  velocity  of  the  jet  as  upon  the  ratio  of  the  dia- 
meters of  the  two  tubes  ^  and  ^e*. 

When  the  orifice  /  of  the  narrow  tube  does  not  reach  to  the 
point  at  which  the  perpendicular  tube  mn  is  attached,  but  is  so 
far  distant  from  this  point  that  the  water  when  it  passes  m  has 
already  moved  through  a  portion  of  the  tube  de  without  altera- 
tion of  its  diameter,  and  consequently  without  change  of  velocity, 
then  the  water  rises  in  the  tube  mn,  and  stands  therein  higher 
than  in  the  vessel  A. 

15.  As  long  as  the  effervescence  continues  in  the  tube  de,  air- 
bubbles  are  observed  to  enter  the  vessel  A  also ;  for  as  the 
whole  of  the  water  contained  in  the  tube  passes  into  this  vessel, 
the  air  inclosed  in  the  foam  will  be  carried  in  along  Avith  it. 
The  extent  to  which  this  takes  place  can  be  readily  observed 
when  the  tube  de,  tig.  9,  is  of  glass,  and  of  tolerable  length,  say 
2  feet  long.  The  fluid  is  then  seen  to  effervesce  in  the  forward 
portion  at  k;  thence,  however,  it  flows  or  is  moved  towards  d, 
the  small  air-bubbles  upon  its  upper  surface  being  carried  for- 
ward along  with  it.  This  takes  place  even  when  the  tube  de  is 
so  inclined  that  the  foam  might  be  expected  to  move  in  a  con- 
trary direction ;  that  is  to  say,  when  the  end  d,  by  which  the 
tube  is  fastened  in  the  vessel  A,  is  lower  than  the  end  e. 

The  entering  of  such  air-bubbles  with  the  water  has  been 
already  observed  by  Savart,  who,  however,  has  paid  no  further 
attention  to  the  matter.  I  am,  notwithstanding,  of  opinion  that  it 
is  not  altogether  unimportant.  Who  has  not  observed  the  bubbles 
which  exhibit  themselves  when  water  is  poured  into  a  glass  ?  and 
yet  this  effect,  which  has  been  observed  from  the  earliest  times, 
remains  as  yet  without  explanation,  or  at  least  the  explanations 
which  have  been  attempted  are  by  no  means  sufficient. 

16.  Venturi,  as  already  mentioned  in  §  2,  is  of  opinion  that 
the  water-jet  carries  the  air  along  with  it.  According  to  this 
view,  the  entering  of  the  air  into  the  fluid  is  attributed  to 
the  friction  between  the  air  and  the  jet.  But  if  the  phse- 
nomenon  be  regarded  with  some  attention,  it  will  be  impos- 
sible to  accept  this  explanation ;  for  it  is  incredible  that  the  air 
should  cling  to  the  jet  with  a  force  sufficient  to  carry  it  deep 
under  the  surface  of  the  water. 

17.  In  order  completely  to  refute  this  notion,  I  permitted  a 

*  Exactly  similar  effects  are  obtained  when  two  tubes,  a  narrow  and  a 
wide  one,  are  connected  together ;  if  a  third  tube  issuing  from  the  place 
where  both  are  united,  be  allowed  to  dip  into  a  vessel  of  mercuiy  or  of 
water,  the  fluid  will  ascend  in  this  tube  when  a  cmTcnt  of  air  is  blowTi  from 
the  narrow  to  the  wide  one. 
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jet  to  issue  in  a  perpendicular  direction  from  a  vessel  through  a 
tube,  and  brought  the  surface  of  the  water  which  the  jet  was  to 
enter  almost  into  contact  with  the  end  of  this  tube.  Here  air- 
bubbles  were  also  formed  in  the  interior  of  the  fluid ;  but  in  this 
case  the  short  space  of  air  through  which  the  jet  had  to  pass, 
about  1  niillim,,  could  not  possibly  have  a  motion  imparted  to 
it  by  friction  sufficient  to  cause  it  to  penetrate  deep  under  the 
surface  of  the  water. 

18.  Savart  has  asserted,  that  a  jet  of  fluid  up  to  its  maximum 
contraction  forms  a  single  continuous  mass ;  but  from  this  point 
forwards  portions  are  detached,  which,  owing  to  the  frequent 
alteration  of  their  shape,  give  rise  to  those  periothc  swellings. 
It  might  be  imagined  that  the  air-bubbles  observed  when  a  jet 
enters  a  mass  of  fluid  are  due  to  the  air  inclosed  between  those 
small  detached  masses ;  but  if  a  jet  be  allowed  to  project  itself 
against  a  fluid,  even  before  it  has  attained  its  maximum  con- 
traction, the  bubbles  will  still  appear.  Thus,  without  reference  to 
other  objections,  is  the  opinion  under  question  completely  refuted. 

19.  This  phsenomeuon  appears  to  be  caused  in  the  following 
manner  : — A  concavity  is  formed  by  the  jet  at  the  point  where  it 
strikes  the  water ;  this  closes  in  as  soon  as  the  least  motion  has 
been  imparted  to  the  surface,  and  the  air  within  it  is  carried 
downwards. 

20.  If  a  jet  strikes  continuously  against  the  sui'face  of  a  fluid, 
the  concavity  formed  at  the  point  of  contact  is  distinctly  visible ; 
but  in  general  it  closes  so  quickly,  and  a  new  one  so  speedily 
occupies  its  place,  that  the  manner  in  which  the  air  is  inclosed 
eludes  exact  observation. 

21.  I  have  had  opportunity,  however,  to  observe,  that  when 
a  jet  strikes  a  tranquil  surface  placed  at  some  distance  from  the 
orifice,  but  before  it  has  attained  its  maximum  contraction,  a 
considerable  concavity  is  sometimes  formed  round  the  jet  with- 
out the  entrance  of  any  air.  As  soon,  however,  as  the  least 
motion  is  imparted  to  the  surface,  the  air  is  observed  to  enter 
immediately.  Let  the  siu'face,  for  instance,  be  put  in  motion 
by  permitting  water-drops  to  fall  upon  it  from  a  height  of  a  few 
inches,  and  at  a  small  distance  from  the  jet.  The  drops  would 
of  themselves  carry  no  air  downwards  ;  but  as  soon  as  they  meet 
the  surface  a  peculiar  sound  is  heard  proceeding  from  the  point 
where  the  jet  strikes  the  fluid,  and  at  the  same  moment  air- 
bubbles  are  formed  and  cai-ried  downwards. 

22.  The  same  takes  place  when  the  continuity  of  the  jet  is 
broken,  as,  for  example,  when  a  solid  body  is  caused  to  pass 
through  it ;  even  when  a  little  bubble  is  inclbsed  by  the  jet  the 
noise  is  heard,  and  at  the  same  time  a  considerable  quantity  of 
air  is  carried  downwards.     The  like  occurs  when  an  irregular 
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motion  is  imparted  to  the  fluid,  and  in  this  case  the  air  is  ob- 
served to  enter  sometimes  with  extraordinary  violence.  A  fun- 
nel-shaped whu-lpool  is  seen  to  form  round  the  jet,  through 
which  the  air  passes  downwards  with  a  rotatory  motion.  This 
is  observed  when  the  jet  issues  imder  a  pressm-e  of  a  column  of 
water  10  feet  high,  and  is  received  into  a  vessel  2  feet  wide. 
From  this  it  appears  to  me  that  there  can  be  no  doubt  as  to  the 
correctness  of  the  explanation  given  in  §  19  with  regard  to  the 
manner  in  which  the  air  penetrates  the  fluid. 

23.  AThile  obsernug  the  motion  which  ensues  when  one  fluid 
pours  into  another  of  a  similar  nature  through  an  orifice  placed 
at  some  distance  beneath  the  surface  of  the  latter,  it  struck  me 
as  being  desirable  first  of  all  to  ascertain  experimentally  whether 
the  action  which  the  jet  exerts  upon  a  body  capable  of  oftenng 
resistance  varies  with  the  distance  from  the  orifice.  I  have  car- 
ried out  these  experiments  by  bringing  a  plate  under  the  surface 
of  the  water  perpendicular  to  the  direction  of  the  jet,  and  mea- 
suring the  force  with  which  the  jet  tended  to  move  the  same. 

To  ascertain  how  far  it  is  necessary  that  the  plates  used 
should  be  completely  flat,  experiments  were  first  made  in  the 
air ;  and  to  render  the  result  independent  of  the  gra^•ity  of  the 
water,  a  horizontal  stream  was  applied, 

24.  In  the  middle  of  a  balance-beam,  FG,  fig.  10,  a  vertical 
bar  of  metal  was  screwed ;  and  on  this  the  plate  cd  was  fastened, 
so  as  to  be  perpendicular  to  the  direction  of  the  jet.  When  the 
beam  stood  horizontal,  and  the  jet  was  directed  against  the 
middle  of  the  plate,  the  latter  was  pressed  back.  By  laying  on 
weights,  the  balance  could  be  brought  into  its  position  of  equili- 
brium, and  hence  could  be  estimated  the  amount  of  the  resist- 
ance presented  by  the  plate. 

Two  perfectly  smooth  plates,  the  one  of  9  millims.  and  the 
other  of  24  milhms.  diameter,  were  nov\-  fastened  one  after  the 
other  at  b,  and  a  horizontal  jet  directed  through  the  open  air 
against  the  centre.  These  plates  were  then  exchanged  for  con- 
cave hemispheres,  the  diameters  of  which  were  exactly  equal  to 
those  of  the  plates,  and  the  force  exerted  was  measured  each 
time.  AYith  a  vertical  pressure  of  2  metres,  and  a  distance  of 
100  miUims.  from  the  orifice/ made  in  a  thin  sheet  of  tin,  and 
having  a  diameter  of  3  milhms.,  the  following  results  were  ob- 
tained.    For — 

The  plate.  The  hemisphere. 

of  9  millims.  diameter     .     22  grms.  42  grms. 

of  24  millims.  diameter  .     23  grms.  38  grms. 

25.  This  greater  pressm-e  in  the  case  of  the  hemispheres  is 
evidently  due  to  the  fact,  that  the  water  of  the  jet  which  strikes 
them  in  the  middle  moves  sidewards,  and  in  this  way  exerts  a 
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further  pressure  against  the  spherical  surface.  That  this  is  ac- 
tually so,  follows  from  the  manner  in  which  the  water  rebounds 
from  hemispheres  of  different  diameters.  While,  for  example, 
the  fluid  from  the  9  millims.  hemisphere  returns  in  a  direction 
almost  parallel  with  the  original  jet,  that  reflected  from  the  24 
millims.  hemisphere  forms  a  curved  surface  of  similar  shape  to 
that  shown  in  fig.  5,  the  longer  diameter  of  which  is  somewhat 
greater  than  that  of  the  hemisphere. 

The  reason  is  also  plain  why  the  moving  force  is  less  in  the 
case  of  the  large  hemisphere  than  of  the  small  one,  although  the 
sm'face  in  the  former  case  is  greater.  The  smaller  the  radius  of 
curvatm-e  of  the  hemisphere,  the  greater  will  be  that  component 
of  the  lateral  pressure  which  exerts  itself  in  the  direction  of  the 
jet.  Only  with  perfectly  flat  plates  do  we  obtain  that  portion 
of  the  motion  which  acts  exclusively  in  the  direction  of  the  jet ; 
and  hence,  in  ascertaining  the  quantity  of  motion,  such  plates 
only  have  been  used. 

26.  The  additional  arrangement  ^^•as  as  follows  : — The  level  of 
the  water  in  the  vessel  was  preserved  constant  by  permitting 
more  to  flow  in  at  the  top  than  escaped  from  the  bottom.  MN 
(fig.  10)  is  a  vertical  tube  bent  to  a  right  angle  at  M  ;  the  inner 
diameter  thereof  was  1  inch,  and  at  0  it  carried  a  collar  of  metal, 
in  the  centre  of  which  the  orifice  was  situate.  In  all  these  ex- 
periments the  orifice  was  circular,  and  in  most  cases  had  a  dia- 
meter of  3  millims.  The  vessel  ABCD,  in  which  the  horizontal 
portion  of  the  tube  was  immersed,  opposite  to  the  plate  cd,  mea- 
sured 4  feet  in  length,  3  feet  in  \vidth,  and  16  inches  in  height. 
It  was  quite  filled  with  water ;  and  by  an  escape,  (/h,  which 
reached  to  a  certain  height,  the  level  of  the  surface  was  preserved 
constant.  The  balance  was  so  placed  that  it  could  slide  along 
the  frame  HI,  and  this  frame  was  graduated  so  that  the  distance 
of  the  plate  from  the  orifice  could  be  measured  upon  it.  Before 
the  vessel  ABCD  was  filled  with  water,  I  convinced  myself 
that  the  jet  which  passed  through  the  air  struck  the  plate  in  its 
centre.  For  the  small  distances  here  made  use  of,  I  imagined 
that  the  direction  of  the  jet  might  be  regarded  as  horizontal, 
particularly  as  it  moved  in  a  medium  similar  to  itself. 

27.  If  in  this  experiment  plates  of  different  diameters  be  used, 
and  if  the  distance  from  the  orifice  remain  constant,  then  the 
force  necessary  to  preserve  the  balance  in  equilibrium  increases 
with  the  magnitude  of  the  plates  up  to  a  certain  limit ;  beyond 
this  the  force  remains  constant ;  hence,  by  using  tolerably  large 
plates,  we  were  sure  to  obtain  the  entire  effect.  The  smallest 
plate  which  I  used  was  100  millims.  in  diameter.  The  following 
table  contains  some  of  the  results  obtained  when  plates  of  differ- 
ent diameters  were  applied. 
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Vertical 

Diameter 
of  plate. 

Distance  of 
he  plate  from 

Weight  in  grammes 
necessary  to  bring  the 

the  orifice. 

plate  to  its  place. 

metres. 

millims. 

millims. 

No.  1.  No.  2.  No.  3. 

In  thin  plate,  dia- 

2145 

100 

20 

200    20-0    200 

metei-  3  millims. 

50 
100 
150 
200 

210    210    20-75 
21-5    21-5     21-5 
21-5    21-5     21-5 
210    20-5     20-5 

No.  4.  No.  5.  No.ef. 

The  same. 

The  same. 

150 

20 

50 

100 

150 

200 

250 

300 

200    200     18-0 
210    210     190 
220    22-5     200 
230    23-5    200 
230    23-5     210 
230    230    210 
22-5     22-5     20-5 

No.  7.      No.  8. 

In  brass    1  millim. 

2-229 

200 

20 

160        16-2 

thick,  diameter  3 

50 

16-7        16-7 

millims. 

100 
150 
200 

250 

18-0        180 
18-0        180 
180        180 
17-5        17-7 

No.  9. 

Small  glass  tube,  10 

The  same. 

150 

20 

21-0 

millims.  long,  dia- 

50 

21-6 

meter     nearly    3 

100 

23-2 

millims. 

150 

200 
250 

23-3 
23-3 
23-2 

No.  10. 

Small  glass  tube,  20 

The  same. 

The  same. 

20 

14-3 

millims.  long,  dia- 

50 

14-9 

meter  a  little  un- 

100 

15-2 

der  3  millims. 

150 

15-4 

i 

200 

15-2 

28.  From  these  experiments,  it  appears  that  the  action  against 
the  plate,  up  to  a  length  of  150  millims.,  increased  with  the 
distance  from  the  orifice.  A  similar  result  was  obtained  from 
all  the  experiments.  Not  one  (and  several  have  been  made  which 
are  not  here  described)  showed  a  decrease  \vithin  the  distance  of 
100  millims.  But  the  increase  was  not  always  equal;  and  I 
convinced  myself  that  the  inequalities  were  to  be  attributed  to 
the  impossibility  of  so  attaching  the  collar  in  which  the  orifice 

*  In  these  experiments  the  temperatui-e  of  the  water  altered  very  little ; 
it  was  verj^  near  14°  C. 

t  In  this  series  of  observations  the  direction  of  the  collar  was  a  little 
changed,  so  that  the  axis  of  the  jet  was  not  quite  perpendicular  to  the  sur- 
face of  the  plate. 
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was  situate,  that  the  direction  of  the  jet,  even  through  this  short 
distance,  remained  unaltered. 

29.  To  avoid  this  insecurity,  the  experiment  was  so  modified 
that  the  jet  was  vertical,  and  moved  against  a  horizontal  ])late. 
The  plate  was  attached  by  three  fine  wires  to  one  end  of  the 
balance.  The  balance,  however,  was  so  placed  that  it  could  slide 
up  and  down,  the  middle  of  the  plate  being  preserved  perpendi- 
cular beneath  the  orifice  through  which  the  water  was  to  pass. 

The  ])late  was  suspended  in  water  contained  by  a  vessel  3  feet 
in  diameter  and  2  feet  high,  the  level  of  the  water  being  kept 
constant.  The  orifice  through  which  the  stream  issued  opened 
at  a  depth  of  4  inches  underneath  the  surface. 

In  these  experiments,  also,  a  similar  increase  of  the  action 
against  the  plate  was  exhibited,  both  when  the  descending  jet 
was  exactly  vertical,  and  when  it  struck  the  centre  of  the  jdate  at 
an  angle  of  10^,  as  appears  from  No.  13  of  the  following  table  : — 

Vei'tical  Jet. 


Orifice. 

Vertical 
pressure. 

Diameter 
of  plate. 

Distance  of 

the  plate  from 

the  orifice. 

Weight  in  grammes 

necessary  to  bring  the 

plate  to  its  place. 

metres. 

millims. 

millims. 

No.  11.    No.  12. 

In  thiu  plate,  dia- 

2772 

200 

50 

29-5        290 

meter  3  millims. 

100 
J50 
200 

30-5        30-5 
310        310 
30-5        305 

No.  13. 

The  same. 

The  same. 

The  same. 

50 

29-0 

The   jet   made   an 

100 

30-7 

angle  of  10'  with 

1.50 

310 

the  vertical  line. 

200 

30o 

No.  14. 

Glass  tube,  10  mil- 

The same. 

The  same. 

20 

260 

lims.  long,  c"ame- 

30 

26-5 

ter  nearly  3  mil- 

50 

27-5 

lims. 

100 
150 

200 

28-5 
29-0 

28-5 

No.  15, 

Glass  tul)e,  65  mil- 

The same. 

The  same. 

20 

23-5 

lims.  long,  G  mil- 

50 

25-5 

lims.      diameter. 

100 

26-5 

Smelted    at    the 

150 

26-5 

lower    end   to   a 

■ 

200 

26-0 

width  of  3  mil- 

lims. nearly. 

No.  16. 

Glass  tube,  65  mil- 

The same. 

The  same. 

20 

28-5 

lims.  long,  having 

50 

29-5 

everywhere  a  dia- 

100 

30-8 

meter  of  3-3  mil- 

150 

31-3 

lims. 

200 

30-9 
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30.  Further  on,  in  §  41,  I  shall  return  to  the  explanation  of 
the  fact,  that  the  action  of  the  water  against  the  plate  increases 
with  the  distance.  It  appeared  to  me  to  be  of  interest  to  ascer- 
tain, in  the  next  place,  the  manner  in  which  the  water  of  the  jet 
mixes  with  that  into  which  it  is  projected. 

For  this  purpose  I  permitted  the  water  to  pass  horizontally 
through  an  orifice  from  2  to  3  millims.  in  diameter,  and  under 
a  vertical  pressure  of  7  feet,  into  a  vessel  two  of  whose  sides 
Avere  glass,  and  separated  from  each  other  by  a  distance  of  only 
0-5  of  an  inch.  As  the  jet  entered  the  vessel  through  the  middle 
of  its  small  side,  and  hence  could  only  spread  itself  upwards  and 
downwards,  there  was  reason  to  hope  that  the  inconsiderable 
thickness  of  the  water  would  permit  of  an  exact  observation  of 
what  went  on  within. 

The  friction  against  the  sides  of  the  vessel  rendered  it  neces- 
sary to  sensibly  increase  its  width  at  some  distance  from  the 
orifice  (see  A,  tig.  11).  The  opposite  side  of  the  vessel  at  B  was 
furnished  with  a  channel,  through  which  the  superfluous  water 
escaped,  leaving  the  surface  at  a  constant  height.  In  order 
better  to  obsen-e  the  jet,  I  introduced  into  the  water  opake 
bodies  of  various  kinds.  Semen  hjcojjodii  and  milk ;  but  the  mo- 
tion was  always  so  unsteady  and  violent,  that  exact  observation 
was  impossible.  Another  phsenomeuon,  however,  was  exhibited 
in  this  experiment,  which,  although  it  might  be  immediately 
inferred  from  those  already  described,  is  still  perhaps  not  \\athout 
interest.  The  oritice  through  which  the  jet  entered  the  vessel 
lay  about  2  inches  under  the  surface  of  the  water  therein  con- 
tained, and  3'5  inches  above  the  bottom.  As  soon  as  the  jet 
entered,  the  surface  in  the  narrow  portion  of  the  vessel  sunk, 
and  exliibited  various  depressions,  according  as  the  water  entered 
with  greater  or  less  power.  The  surface  near  the  orifice  often 
sunk  below  the  level  of  the  latter.  When  this  occurred,  a  vio- 
lent foaming  was  the  consequence;  and  as  long  as  the  water 
entered  with  sufficient  force,  the  surface  at  this  point  continued 
lower  than  the  orifice.  When,  however,  this  considerable  sinking 
of  the  surface  was  avoided,  so  that  the  orifice  /  remained  beneath 
it,  several  depressions  exhibited  themselves,  as  shown  in  fig.  11. 
If  the  mass  of  water  were  increased  by  completely  opening  the 
cock  c,  the  depression  at  d  became  smaller;  but  that  at  e,  on 
the  contrary,  about  5  inches  distant  from  the  orifice/,  remained 
almost  wholly  unchanged.  In  all  these  cases,  the  water  in  the 
wider  portion  AB  of  the  vessel,  both  above  and  below,  moved 
backwards  into  the  narrower  portion,  and  hence  against  the 
direction  of  the  jet,  which  fui-nishes  a  new  proof  that  a  pretty 
considerable  portion  of  the  motionless  water  is  constantly  carried 
forward  by  the  jet.    This  gives  rise  iu  the  neighboiu'hood  of  the 
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orifice  to  a  whirling  motion  of  the  water,  which  is  very  distinct 
about  [/.  The  tumult  caused  by  the  rebounding  of  the  tluid  in 
the  upper  layer  rendered  a  nearer  observation  of  the  action  inside 
impossible ;  and  to  accomplish  this,  I  have  been  compelled  to 
resort  to  another  although  somewhat  more  laborious  method. 

31.  Water  which  was  perfectly  free  from  salt  and  hydrochloric 
acid  was  caused  to  stream  into  a  large  wide  vessel  containing  water, 
in  which  about  1  per  cent,  of  salt  was  dissolved.  To  determine 
exactly  the  quantity  of  salt  in  the  mass,  a  measured  volume  of 
it,  generally  about  10  cubic  centimetres,  was  brought  by  means 
of  a  pipette  into  a  bottle,  and  a  normal  solution  of  nitrate  of 
silver  was  added  until  the  precipitation  ceased.  From  the  volume 
of  the  normal  solution  here  necessary,  the  cpiantity  of  salt  was 
determined.  This  is  a  reversal  of  the  method  invented  by  Gay- 
Lussac  for  the  determination  of  silver.  With  a  little  practice, 
the  quantity  of  chloride  of  sodium  can  in  this  way  be  estimated 
to  0"01  per  cent,  of  accuracy.  If  now  water,  free  as  aforesaid 
from  salt  or  hydrochloric  acid,  stream  into  the  solution,  and  if  a 
portion  be  taken  from  any  point,  with  the  precaution  that  the 
motion  of  the  jet  shall  not  be  disturbed,  wc  can  estimate  from 
the  quantity  of  salt  contained  in  the  Huid  so  obtained  the  pro- 
portion in  which  the  streaming  water  has  mixed  with  that  already 
present  in  the  vessel. 

32.  To  take  the  fluid  from  any  point  of  the  jet,  I  used  a  glass 
tube,  abc,  fig.  12,  whicli  was  drawn  out  to  a  fine  point  at  a.  The 
pointed  portion  was  horizontal,  and  was  brought  into  the  line  of 
the  horizontal  jet.  Behind  the  tapering  point  the  tube  was  bent 
upward,  and  reached  above  the  surface  of  the  water ;  here  an- 
other tube  was  fastened  to  it  by  an  india-rubber  joint,  which 
permitted  the  tube  to  be  bent  downwards.  Tlie  tube  abc  was 
firmly  fastened  on  a  strong  piece  of  wood,^A,  which,  being  placed 
upon  another  board,  could  be  moved  securely  backwards  and 
forwards  over  the  vessel  ABCD.  The  point  of  the  glass  tube 
had  an  inner  diameter  of  1  millim.  and  an  outer  one  of  1*5  mil- 
lim.,  and  was  gradually  narrowed,  so  that  the  resistance  offered 
to  the  motion  of  the  water  was  unimportant.  "When  the  distance 
at  which  this  point  was  placed  from  the  oi-ifice  was  not  too  con- 
siderable, the  motion  was  sufficient  to  drive  the  water  into  the 
tube,  and  cause  it  to  ascend  therein  until  it  flowed  out  through 
cd,  and  was  received  in  a  glass  held  underneath.  The  first  por- 
tion of  the  fluid  thus  obtained  consisted  of  the  solution  which 
was  in  the  vessel  before  the  commencement  of  the  experiment, 
and  only  the  later  portions  could  be  regarded  as  the  mixture 
corresponding  to  the  point  a.  For  this  reason  the  outflowing 
fluid  was  received  in  three  separate  portions,  the  two  last  of  which 
must  show  the  same  composition  if  the  result  was  to  be  consi- 
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dered  correct.  Experience  soon  enabled  us  to  fix  the  quantity 
necessary  to  flow  away  in  order  entirely  to  remove  the  fluid  con- 
tained in  the  vessel. 

The  strength  of  the  solution  was  of  course  changed  by  the 
water  which  entered  the  vessel ;  but  this  alteration,  during  the 
short  period  necessary  for  an  experiment,  was  very  inconsider- 
able. Before  each  fresh  experiment,  the  quantity  of  salt  in  the 
solution  contained  by  the  vessel  AB  was  estimated  anew. 

33.  It  was  of  particular  interest  to  learn  whether  the  salt  so- 
lution penetrated  to  the  centre  of  the  jet.  Experiments  were 
fii'st  made  in  which  the  point  was  always  placed  right  in  the 
middle  of  the  jet,  and  at  difi'erent  distances  from  the  orifice/. 
In  order  to  effect  this,  the  vessel  was  emptied  by  permitting  the 
salt  solution  to  flow  away ;  and  while  the  vessel  was  empty,  the 
point  was  fixed  exactly  in  the  centre  of  the  jet.  The  solution 
was  then  pom'ed  in  again,  and  the  experiments  conducted  in  the 
manner  already  described. 

The  results  so  obtained  are  set  down  in  the  following  table. 
The  four  first  columns  contain  the  numbers  obtained  by  direct 
observation,  the  fifth  column  is  derived  from  the  third  and  fourth. 


The  point  in 

the  middle 

of  the  jet 

• 

Number 
of  experi- 
ment. 

Diameter  of 

the  orifice 

through  which 

the  water 

entered. 

Distance  of 

the  point  from 

the  orifice. 

Quantity  of 
salt  contained 
in  AB  before 
the  experi- 
ment. 

Quantity  of 

salt  in  the 

fluid  obtained 

through  abc. 

The  fluid  obtained 

tlirough  abc  consisted 

of 

Salt 
solution. 

Water. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

millims. 
3 

millims. 
10 
20 

per  cent. 
0-92 
0-90 
0-78 
0-89 
0-93 
0-98 
0-93 
0-90 
0-88 
0-82 
0-99 
0-98 

per  cent. 
0-50 
0-54 
0-46 
003 
014 
0-16 
0-27 
0-27 
0-23 
019 
0-22 
0-44 

per  cent. 
54-4 
600 
590 
3-4 
151 
16-4 
290 
300 
26-2 
23  2 
220 
44-9 

per  cent. 
45-6 
400 
410 
96-6 
84-9 
83-6 
71-0 
700 
73-8 
76-8 
78-0 
551 

5 

io 

20 

30 

50 

When  the  point  was  brought  close  up  to  the  orifice  through 
which  the  water  flowed  into  AB,  pure  water  was  obtained  which 
contained  not  a  trace  of  salt. 

34.  The  differences  exhibited  by  those  experiments  in  which 
the  point  stood  at  the  same  distance  from  the  orifice,  are  due  to 
the  fact,  that  the  least  deviation  from  the  centre  necessitates  a 
considerable  difference  in  the  constitution  of  the  mixture.  In 
order  to  ascertain  the  extent  of  this  variation,  experiments  were 
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made  by  fixing  the  point  out  of  the  central  line  of  a  jet  wliicli 
issued  througli  an  orifice  5  millims.  in  diameter ;  sometimes  so 
that  the  point  was  1*75  milUm.  distant  from  the  centre  when 
the  jet  was  projected  through  the  air,  and  sometimes  at  a  distance 
of  from  2'5  to  3  milHms.  therefrom.  Even  with  this  position  of 
the  point  the  force  of  the  jet  entering  the  salt  solution  was  suffi- 
cient to  carry  the  fluid  up  the  tube  and  through  cd  as  before. 

The  results  of  these  experiments  wall  be  found  in  the  following 
table : — 


Number 
of  expe- 
riment. 

Distance 

of  the 

point 

from  the 

orifice*. 

The  point  was 
situutc 

Quantity  of 
salt  in  AB 
before  the 

experiment. 

Quantity  of 

salt  received 

through 

abc. 

The  fluid  obtained 

through  nbc  consisted 

of 

Salt 
solution. 

Water. 

13 
...„. 

"n 

millims 
10 

"20  ■ 

"30" 


In  the  middle. 
1*75  sidewards. 
3-00  sidewards. 
In  the  middle. 
1-75  sidewards. 
2-50  sidewards. 
In  the  middle. 
1-75  sidewards. 
2-50  sidewards. 

per  cent. 
0-89 
108 
0-94 
0-98 
106 
0  99 
0-99 
0-97 
0-96 

per  cent. 
003 
0-23 
042 
016 
0-40 
0-45 
0-22 
0-46 
0-56 

per  cent. 
3-4 
21-3 
44-7 
164 
37-7 
45  5 
220 
47-4 
58-3 

per  cent. 
96-6 
78-7 
55-3 
83-6 
62-3 
54-5 
780 
526 
41-7 

From  this  it  appears  that  the  quantity  of  the  salt  solution  in- 
creases considerably  when  the  point  deviates  from  the  centre  of 
the  jet. 

35.  I  shall  now  apply  myself  to  the  explanation  of  these  phse- 
nomena.  Unhappily  in  the  present  state  of  science  a  strict 
mathematical  treatment  of  the  question  is  not  possible.  I  believe, 
however,  the  following  considerations  will  furnish  a  complete 
explanation  of  the  action  observed. 

Suppose  a  fluid  to  enter  another  of  a  similar  nature  contained 
in  a  vessel  of  unlimited  size,  through  an  orifice  situate  at  a  suffi- 
cient depth  beneath  the  surface.  The  jet  thus  entering  widens 
continually,  that  is  to  say,  its  cross  section  becomes  greater,  while 
its  velocity  decreases  as  the  distance  from  the  orifice  increases. 
Both  these  results  are  easily  observed. 

If  the  same  quantity  of  water  passed  through  every  cross 
section  of  the  jet  in  the  same  space  of  time,  then  each  succeeding 
mass  would  be  just  sufficient  to  take  up  the  space  occupied  by 
the  preceding. 

We  will  now  inquire  under  what  conditions  this  is  possible. 
To  this  end  let  us  fix  our  attention  on  a  definite  mass  of  fluid, 
say  the  quantity  which  enters  through  the  orifice  during  the 

*  The  diameter  of  the  orifice  through  which  the  jet  entered  the  salt  so- 
lution was  5  millims. 
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unit  of  time.  According  as  this  mass  expands  in  a  direction 
perpendicular  to  the  axis  of  the  jet,  its  dimension  in  the  direction 
of  the  jet  must  deci'ease  in  hke  proportion.  If  at  the  same  time 
the  velocity  decreases,  so  that  both  velocity  and  thickness  are  in- 
versely proportional  to  the  cross  section,  then  this  mass  will  pass 
through  all  planes  perpendicular  to  the  axis  of  the  jet  in  the 
same  space  of  time.  But  in  order  to  fultill  these  conditions,  the 
force  which  imparts  motion  to  the  water  must  decrease  as  the 
velocity  decreases. 

It  is  easy,  however,  to  see  that  this  cannot  be  the  case.  For, 
setting  aside  the  loss  of  force  arising  from  the  friction  of  the 
fluid  particles,  the  vessel,  as  already  remarked,  being  so  large 
that  the  sides  thereof  present  no  resistance  to  the  motion, — if 
the  surface  during  the  motion  remain  horizontal,  and  if,  in  the 
next  place,  it  be  assumed  that  the  pressure  due  to  every  portion 
is  the  same  during  the  motion  as  during  a  state  of  rest, — then 
there  is  no  force  present  which  acts  in  a  direction  opposite  to 
the  motion,  and  hence  no  part  of  the  moving  force  will  be  de- 
stroyed. 

The  jet,  indeed,  expands  itself  on  account  of  the  resistance 
presented  by  the  water  mass  which  it  enters ;  but  as  this  resist- 
ance is  offered  by  perfectly  mobile  particles,  or,  in  other  words, 
is  due  to  inertia  alone,  the  moving  force  in  the  direction  of  the 
axis  remains  unaltered ;  and  hence  as  soon  as  the  motion  has 
become  permanent,  the  same  amount  of  force  is  exerted  during 
the  unit  of  time  in  all  planes  perpendicular  to  the  axis  of  the  jet. 

Did  the  widening  of  the  jet  consist  merely  in  a  change  of 
shape  undergone  by  the  mass  in  question  during  its  progressive 
motion,  so  that  it  simply  assumes  a  greater  cross  section,  the 
velocity  in  this  case  being  unchanged,  the  time  occupied  by  the 
mass  in  passing  through  the  different  cross  sections  in  its  course 
would  be  less  and  less  according  as  its  width  increased.  For 
this  reason  the  successive  layers  of  the  jet  must  either  sepai'ate, 
or  an  alteration  of  density  must  take  place.  In  those  cases 
where  care  is  taken  that  no  addition  is  made  to  the  mass,  but 
that  the  same  mass  alone  expands,  a  decrease  of  pressure  in  the 
case  of  liquids,  where  a  change  of  density  is  impossible,  and  an 
actual  change  of  density  in  the  case  of  gaseous  bodies,  can  be 
experimentally  established,  as  has  already  been  done  in  §  14. 
This  decrease  of  pressure  has  been  demonstrated  theoretically. 
(See  D.  Bernoulli,  Hydrodynamica  Seclio  12,  §  9,  p.  262;  and 
Poisson,  Traite  de  Mecanique,  2'^™^  edit.  ii.  p.  730.)  In  such 
cases,  however,  as  the  present,  where  the  jet  moves  in  a  fluid 
similar  to  itself,  there  occurs  a  lateral  motion  of  the  fluid  towards 
the  jet  by  which  the  mass  of  the  latter  is  increased. 

This  increase  of  mass,  however,  is  accompanied  by  a  diminu- 
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tion  of  velocity ;  but  as  the  moving  force  is  constant,  a  greater 
quantity  of  fluid  will  always  pass  through  a  distant  section  in  a 
certain  space  of  time  than  through  a  section  situate  nearer  to 
the  orifice. 

As  the  pressure  exerted  by  the  fluid  during  its  motion  is  less 
than  its  pressure  when  motionless,  it  might  be  imagined  that 
our  fundamental  notion  is  incorrect,  according  to  which  no  por- 
tion of  the  moving  force  is  destroyed ;  for  part  of  this  force 
seems  necessary  to  balance  the  difl"erence  of  pressure  in  the  case 
of  liquids,  and  in  the  case  of  gases  to  increase  the  density. 

But  that  this  is  not  so  follows  from  the  fact,  that  the  diminu- 
tion of  the  pressure  is  caused  by  the  forward  portions  of  the  fluid 
passing  through  a  cross  section  of  the  jet  more  quickly  than  those 
which  follow.  If,  therefore,  the  difi'erence  of  pressure  lessens 
the  velocity  of  the  original  mass,  this  very  ditfcrence  sets  the 
fluid  at  each  side  in  motion,  and  in  this  way  the  loss  of  force  is 
exactly  compensated. 

From  this  it  follows — 

(1.)  That  a  jet  which  streams  into  a  substance  similar  to  itself, 
sends  more  water  in  the  same  time  through  a  cross  section  situ- 
ate at  a  distance  from  the  orifice  than  through  a  section  situate 
nearer  to  the  same. 

(2.)  That,  in  consequence  of  this,  the  pressure  of  the  fluid 
when  in  motion  is  less  than  its  pressure  when  in  a  state  of  rest. 

36.  These  two  propositions  help  us  to  a  very  simple  explana- 
tion of  the  phppnomena  described  in  the  foregoing  pages.  In 
the  experiment  of  A'enturi,  cited  in  §  4,  more  water  passes 
through  the  cross  section  SM  of  the  canal  SMRV,  fig.  1,  than 
passes  in  the  same  time  through  the  tube  CA.  A  portion  of 
the  water  contained  in  the  vessel  must  therefore  be  carried  for- 
ward along  with  the  stream. 

In  like  manner,  in  the  experiment  described  §  5,  more  fluid 
passes  through  the  wide  tube  ABC,  fig.  2,  in  the  same  time  than 
through  the  narrow  tube  at  a  ;  and  as  a  motion  from  the  sides 
cannot  here  take  place,  the  fluid  in  the  portion  HF  of  the  vessel 
EDGF  passes,  in  consequence  of  the  diminished  pressure  through 
the  orifice  BC,  and  hence  the  surface  sinks. 

37.  If,  however,  the  fluid  in  the  chamber  HF  sinks  while  that 
in  HE  remains  unaltered,  the  pressure  due  to  the  difference  of 
level  operates  against  the  motion  of  the  jet,  and  a  diminution  of 
the  moving  force  is  the  consequence,  so  that  it  is  less  in  the 
cross  section  of  the  tube  AB  at  A  than  in  the  narrow  tube  a. 
With  this  decrease  of  force,  the  quantity  of  fluid  which  passes 
A  in  the  unit  of  time  decreases  also;  the  surface  of  the  fluid 
in  the  chamber  II F  will  therefore  sink  until  the  quantity  of 
fluid  which  passes  through  the  section  at  A  in  the  unit  of  time 
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is  equal  to  the  quantity  which  during  the  same  time  passes 
through  a.  From  the  difference  of  level,  the  diminution  of  the 
pressure  mentioned  in  §  35  may  be  estimated. 

38.  If  it  so  happen,  that,  after  the  fluid  in  the  chamber  HF 
has  sunk  to  the  bottom  of  the  tube  at  C,  the  difference  of  level 
in  both  chambers  is  not  yet  sufficient  so  to  diminish  the  moving 
force  that  the  quantity  of  water  passing  through  a  section  of 
the  wide  tube  shall  be  equal  to  that  passing  through  the  small, 
then  the  water  in  the  tube  experiences  during  its  motion  a  less 
pressure  in  the  direction  from  A  to  B  than  from  B  to  A,  although 
the  static  pressure,  i.  e.  that  which  would  be  exerted  were  the 
w'ater  tranquil,  in  the  latter  direction  is  simply  due  to  the  atmo- 
sphere, whereas  in  the  former  direction  it  is  made  up  of  the 
atmospheric  pressure  and  that  due  to  the  difference  of  level.  In 
consequence  of  this  greater  pressure  at  B,  the  air  enters  the  tube 
in  bubbles,  as  shown  by  the  experiment  described  in  §  6. 

39.  So  also  in  the  experiment  described  §  7,  where  a  thin  jet 
prevented  the  outflow  of  water  through  a  wide  tube ;  the  air  en  • 
tered  the  water  through  that  tube,  and  it  continued  to  enter  till 
the  fluid  in  the  vessel  A,  flg.  3,  attained  such  a  height  that  the 
pressures  from  both  ends  of  the  tube  were  equal.  When  the 
pressure  from  the  interior  predominates,  the  water  flows  out. 

40.  If,  while  the  water  tlows  through  the  tube  tie,  fig.  8,  the 
pressure  of  the  air  within  the  tube  diminishes,  as  in  the  experi- 
ment §  13,  the  air  will  penetrate  the  water,  and  be  carried  for- 
ward by  it  until  an  equality  of  pressure  from  both  sides  is 
established. 

41.  The  increased  effect  of  a  jet  directed  against  a  plate,  as 
shown  in  the  experiments  described  §  27  to  §  29,  finds  also,  I 
imagine,  its  explanation  in  the  fact,  that  the  pressure  of  the 
moving  fluid  is  less  than  that  of  the  tranquil.  A  fluid,  for 
instance,  after  striking  a  plate,  moves,  when  the  latter  is  large 
enough,  along  its  surface ;  and  this  parallel  motion  along  the 
plate  diminishes  the  pressure  against  it.  Hence  the  pressure 
against  that  side  of  the  plate  which  faces  the  jet  will  be  less  than 
that  from  behind,  where  the  fluid  is  motionless.  This  difference 
of  pressure  will  be  greater  according  as  the  velocity  of  the  fluid 
and  the  size  of  the  plate  are  increased.  But  the  velocity  is  mani- 
festly greater  when  the  plate  is  near  the  orifice  than  when  it  is 
placed  at  a  distance  from  it ;  because  when  the  plate  is  near  to 
the  orifice,  the  jet  has  had  less  time  to  widen,  and  consequently 
the  space  through  which  the  water  has  to  pass  parallel  to  the 
piatc  is  increased.  Hence  the  nearer  the  plate  to  the  orifice  the 
greater  is  the  difference  of  pressure  before  and  behind,  and  con- 
sequently the  less  will  be  the  force  necessary  to  cause  the  plate 
to  return  to  its  position  of  equilibrium.     This  result  manifests 

C  2 
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itself  until  by  increasing  the  distance  the  difference  of  pressure 
vanishes. 

42.  In  like  manner  it  is  easy  to  explain  why,  when  two  plates 
are  placed  facing  each  other  under  water,  and  only  a  short 
distance  apart,  and  when  a  jet  issuing  with  some  force  through 
the  middle  of  one  of  them  strikes  against  the  other,  they 
move  nearer  together,  as  showui  by  Hatchette;  and  likewise  why 
a  pair  of  similar  plates  in  the  open  air  approach  when  an  air- 
current  passing  with  some  velocity  through  the  centre  of  the  one 
meets  the  other. 

43.  The  whirling  motions  noticed  in  §  30,  and  represented  in 
fig.  11,  are  a  necessary  consequence  of  the  lateral  motion  im- 
parted to  the  water  by  a  strong  jet.  When  the  orifice  is  not  too 
small  and  is  tolerably  expanded  vertically,  w'ith  a  sufficient  velo- 
city, funnel-shaped  concavities  are  formed ;  for  the  water  within 
these  whirlpools  continually  streams  towards  their  outer  rim, 
and  thus  the  pressure  at  the  centre  is  decreased. 

44.  An  exactly  similar  action  takes  place  when  the  moving 
body  is  gaseous.  It  will  be  sufficient  to  call  to  mind  the  pecu- 
liar motion  of  ascending  smoke.  But,  if  I  mistake  not,  the  spiral 
motions  observed  sometimes  in  stormy  weather  are  caused  by  a 
similar  streaming  of  the  air  towards  that  already  in  motion.  Even 
that  remarkable  phsenomenon  the  waterspout  is  capable  of  easy 
explanation  on  the  same  principle ;  for  if  the  wind  whirl  with 
sufficient  velocity  at  some  height  above  the  water,  the  air  at  the 
centre  of  the  whirl  will  stream  towards  that  outside ;  in  this 
way  the  atmospheric  pressure  in  the  interior  is  lessened,  and  the 
water  is  consequently  forced  up,  partaking  as  it  ascends  of  the 
rotary  motion  of  the  air.  INlany  other  phsenomena  might  be 
cited  which  are  capable  of  explanation  by  reference  to  this  lateral 
motion,  but  the  foregoing  will,  it  is  trusted,  be  found  sufficient. 

Appendix. —  On  the  Water-Bellows. 

In  conclusion,  I  must  not  omit  to  introduce  a  piece  of  mecha- 
nism, the  principle  of  which  is  to  be  referred  to  the  penetration 
of  a  fluid  by  air,  as  already  described  in  §  15  to  §  22.  This  is  the 
so-called  trompe,  or  water-bellows,  which,  according  to  Grignon*, 
was  discovered  in  Italy  about  the  year  1640.  Such  an  instru- 
ment is  represented  in  fig.  13,  drawn  from  the  description  given 
by  Richard  in  his  Etudes  sur  I'Ai't  d'extraire  immediatement 
le  Fer  de  ses  Minerals,  p.  169. 

B  is  a  water-holder,  kept  always  full  by  means  of  the  canal  Z. 

AA  are  two  tubes  or  hollowed  beams,  about  13  feet  long,  one 
of  which  is  here  shown  in  section. 

*  Memoires  de  Physique,  p.  196. 
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CC  is  a  wooden  cistern  or  barrel^  rendered  air-tight ;  the  tubes 
AA  widen  towards  the  top ;  two  boards,  pp,  inclined  towards 
each  other,  are  introduced  above  into  each  tube,  thus  forming  a 
funnel-shaped  narrowing  of  the  orifice;  the  boards  are  kept 
asunder  by  the  pieces  of  wood  tt. 

Below  these  pieces  a  number  of  apertures,  ee,  are  made  in  the 
tube,  through  which  air  can  enter.  Similar  apertures,  e'e',  were 
made  in  Richard^s  instrument  about  half-way  up  the  tubes ;  from 
these  water  sometimes  escapes,  as  Richard  himself  has  found ; 
and  for  this  reason  it  w^ould  be  better  to  omit  them  altogether. 

When  the  conical  stopper  k  of  the  funnel-shaped  orifice  pp 
is  drawn  upwards^  the  water  falls  through  the  tube,  and  at  the 
same  time  air  is  sucked  in  at  the  orifices  ee*;  as  this  is  carried 
downwards  by  the  water  into  the  cistern,  the  air  in  the  latter 
increases,  and  passing  into  the  tube  H,  streams  out  of  the 
opening  b. 

At  q,  in  the  bottom  of  the  chest  CC,  an  opening  is  made 
through  which  the  descending  w'ater  can  escape.  The  magnitude 
of  the  ojDening  is  so  arranged  that  the  Avater  can  never  sink  down 
to  it.  A  second  trough  is  generally  placed  before  the  opening, 
in  which  the  water  must  first  ascend  to  escape  over  the  edge. 

Notwithstanding  all  that  has  been  written  about  these  bel- 
lowsf,  which  in  some  departments  in  the  south  of  France  have 
been  variously  applied,  and  however  comprehensive  and  exact 
the  description  given  by  Richard  in  the  work  already  mentioned, 
which  appeared  in  Paris  in  1838,  the  real  physical  cause  of  the 
descent  of  the  air  is  still  totally  unknown. 

Richard  has  not  at  all  entered  upon  this  subject.  Among 
the  old  writers,  Justi|  asserted  in  the  last  century  that  the  water 
is  changed  by  the  violent  motion  into  air.  Venturi§,  in  1800, 
referred  the  origin  of  the  bubbles  to  the  lateral  motion  imparted 
to  the  air  by  the  moving  stream.  This  would  imply  that  a  force 
of  attraction  exists  between  the  air  and  water  sufficient  to  carry 
the  former  far  beneath  the  surface,  which,  as  already  remarked 
in  §  16,  is  scarcely  conceivable.  Besides,  at  the  place  men- 
tioned an  experiment  is  described  which  I  believe  entirely  refutes 
this  notion. 

In  order,  however,  to  observe  with  more  exactness  the  action 

*  Instead  of  sucking  in  the  air  through  the  apertures  ee,  there  is  another 
arrangement,  where,  in  place  of  the  boards  j;jo,  two  wooden  funnels  are  used, 
which  are  high  enough  to  reach  over  the  surface  of  the  water.  The  water 
flows  through  the  space  between  the  fimnels  ;  this  causes  the  fluid  within 
them  to  sink  and  the  air  to  enter. 

t  These  bellows  are  chiefly  used  in  the  immediate  extraction  of  iron  from 
its  ores  (Forges  catalanes);  and  according  to  Richard,  thej-  were  used  in 
1838,  with  one  or  two  exceptions,  in  all  the  works  in  the  Departement 
de  I'Ai-iege. 

+  Exhibition  of  Arts  and  Manufactures,  vol,  ii.  p.  97,  note. 

§  Gilbert's  Annalen,  vol.  iii.  p.  129. 
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of  the  water-bellows,  I  have  constructed  a  model  with  glass  in 
the  manner  represented  by  fig.  14. 

N  is  the  water-holder,  in  which,  by  means  of  a  cork,  the  tube 
ah,  6  inches  long,  is  fastened.  The  lower  end  of  ah  dips  above 
into  the  tube  cd.  The  latter  is  G-5  feet  long,  and  has  an  inner 
diameter  of  f  ths  of  an  inch  ;  at  c?  it  pierces  a  cork,  which  closes 
the  bottle  AB,  and  it  ends  at  g  about  2  inches  above  the  bottom  of 
the  bottle.  Through  the  cork  d  two  other  tubes  are  introduced  ; 
de,  which  can  be  closed  by  means  of  the  cock  e,  and  hik,  which 
serves  as  a  manometer,  and  is  filled  with  mercury  to  k. 

When  the  tube  ah  had  an  opening  at  its  lower  end  0-4  of  an 
inch  in  diameter,  as  the  water  flowed  through  it  downwards,  a 
considerable  portion  of  air  was  carried  along  with  it  into  the 
bottle  A13.  The  pressure  increased,  and  as  the  mercury  ascended 
in  k  the  water  ascended  in  the  tube  cdg.  By  means  of  the  cocks 
e  and  D,  the  escape  of  the  air  and  water  was  so  regulated  that 
the  water-height  in  cdg  remained  constant.  When  this  height 
was  about  3  feet  over  the  surface  of  the  water  in  the  bottle,  the 
opening,  as  already  stated,  being  0-4  of  an  inch  wide,  a  multitude 
of  small  bubbles  were  seen  to  descend  with  the  water  through 
the  entire  breadth  of  the  tube.  When  the  diameter  was  greater, 
the  motion  was  quicker,  so  that  the  course  of  the  bubbles  could 
not  be  exactly  followed.  Wlien,  on  the  contrary,  the  opening  b 
was  smaller,  for  example  0"2  of  an  inch  in  diameter,  air-bubbles 
were  observed  at  /,  but  they  could  not  penetrate  to  the  lower 
end  of  the  tube ;  as  soon  as  they  had  attained  a  certain  depth, 
they  rose  again  in  consequence  of  their  small  specific  weight. 
Small  isolated  bubbles  only  were  able  to  penetrate  to  a  depth  of 
24  inches. 

It  is  evident  that  the  bubbles  are  formed  at  the  point  where 
the  falling  water  meets  the  surface  /;  here  they  are  quite  en- 
closed by  the  water,  and  carried  with  it  downwards.  If  the 
force  which  causes  this  motion  be  so  great  that  the  bubbles  de- 
scend more  quickly  than  they  would  arise  in  consequence  of 
their  small  specific  gravity,  then  they  will  reach  the  ])ottle  AB. 
This,  however,  can  only  take  place  when  the  water  falls  from  a 
sufficient  height,  and  when  the  opening  h  bears  a  sensible  ratio 
to  the  diameter  of  the  tube  cdg.  If  the  opening  b  bear  only  a 
small  ratio  to  the  tube  cdg,  the  motion  of  the  water  in  the  latter 
is  feeble,  and  consequently  the  bubbles  move  more  quickly  up- 
wards than  downwards. 

If  the  opening  be  not  nuich  smaller  than  the  tube  cdg,  the 
falling  water  closes  up  the  latter,  even  when  the  tube,  instead  of 
reaching  to  g,  ends  immediately  under  the  cork  d.  The  water 
then  stands  at  a  height  within  the  tube  corresponding  to  the 
air-pressure  in  the  bottle  imderneath,  and  in  general  exactly  the 
same  effects  are  observed  as  when  the  tube  cd  penetrates  the  sur- 
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face  of  the  water.  Hence,  in  the  case  of  the  water-bellows,  it  is 
unnecessary  that  the  tubes  A  A,  iig.  13,  should  reach  under  the 
surface  of  the  water  in  the  drum  CC. 

These  experiments  show  that  a  similar  action  takes  place  here 
to  that  which  we  have  so  often  an  opportunity  of  observing  when 
a  fluid  is  poured  into  a  glass,  in  which  case  also  bubbles  are 
carried  downwards.  This  action  has  however  been  sufficiently 
explained  in  §  18  to  §  20 ;  and  I  introduce  the  water-bellows 
here  merely  to  show  its  intimate  connexion  with  the  results 
already  described. 

II.   On  the  White  Blende  of  Neiv  Jersey,  U.S. 
By  T.  H.  Henry,  Esq.,  F.R.S.* 

AYERY  transparent  colourless  mineral,  called  white  blende, 
occurs  at  Franklin  in  New  Jersey,  U.S.  Mr.  Nuttall, 
who  supposed  it  to  differ  from  common  blende,  has  named  it 
"  Cleiophane,^'  and  some  other  authority  has  called  it  Cramerite ; 
but  although  it  is  the  only  instance  of  the  occurrence  of  colour- 
less blende,  the  mineral  is  entirely  unnoticed  by  the  American 
authors  Shephard,  Alger  and  Dana. 

Mr.  Brooke,  being  desirous  of  stating  in  the  forthcoming 
edition  of  Phillips's  Mineralog}^  the  real  composition  of  the 
mineral,  obtained  from  Mr.  Nuttall  some  fragments,  which  I- 
have  examined  and  found  to  be  veiy  pure  blende. 

The  specific  gra\dty  of  the  mineral  at  60°  is  4'063.  Its  blow- 
pipe characters  are  those  of  common  blende  when  pretty  free 
from  sulphuret  of  iron.  I  could  not  detect  cadmium  in  it  by 
the  blowpipe,  but  a  trace  was  found  by  employing  WoUaston's  test. 

The  mineral  was  decomposed  by  nitric  acid,  and  the  solution 
evaporated  nearly  to  dryness  mth  an  excess  of  hydi'ochloric  acid ; 
the  sulphur  was  determined  as  sulphate  of  baryta ;  and  the  zinc, 
after  the  removal  of  the  excess  of  baryta  by  sulphuric  acid,  was  pre- 
cipitated from  the  boiling  solution  by  carbonate  of  soda.  The 
analysis  afforded  the  following  results :  — 

Zinc  ....     67-46 
Sulphur       .     .     32-22 

99-68 
The  theoretical  proportions  of  ZnS  being 
Zinc  ....     67-08 
Sulphm-       .     .     32-92 
100-00 
This  slight  difference  is  due  partly  to  en-or  in  the  analysis,  and 
partly  to  the  fact  of  some  of  the  fragments  being  slightly  en- 
crusted with  carbonate. 

*  Communicated  bv  the  Author. 
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III.   On  Sea-Weeds  as  the  sources  uf  Acetic  Acid. 
Bij  John  Stenhouse,  LL.D.,  F.R.S.L.  ^-  £*. 

DURING  the  course  of  a  series  of  experiments  on  sea-weeds, 
an  account  of  which  was  read  before  the  Royal  Society 
on  the  18th  of  April  1850,  I  had  frequently  occasion  to  observe 
that  when  a  quantity  of  wet  sea-weeds  was  laid  together  in  a 
heap  in  a  warm  situation  for  any  length  of  time,  it  soon  began 
to  undergo  a  sjiecies  of  fermentation.  This,  I  am  aware,  is  a 
circumstance  which  has  been  not  unfrequently  obseiTcd ;  but  as 
no  one  has  hitherto  been  at  the  trouble  to  examine  the  nature 
of  the  acids  generated  during  this  fermentation,  I  was  induced 
to  investigate  the  matter  a  little  more  closely. 

At  the  ordinary  temperature  of  Scotland,  even  during  the 
summer  months,  the  fermentation  of  sea-weeds  proceeds  very 
slowly,  requiring  from  three  to  four  months  for  its  completion ; 
but  when  the  weeds  are  kept  at  a  temperature  of  from  90°  to 
96°  F.,  the  process  is  completed  in  from  two  to  three  weeks. 

I.  Six  pounds  of  fresh  moist  Fucus  vesiculosus  were  put  into 
an  earthenware  jar  along  with  a  little  quicklime,  and  just  suffi- 
cient water  to  cover  them,  and  were  kept  for  three  weeks  at  the 
temperatui-e  of  96°  F.  Small  quantities  of  quicklime  were  added 
from  time  to  time,  so  as  to  keep  the  mixture  slightly  alkaline. 
When  the  fermentation  was  completed,  the  liquid  portion,  which 
contained  a  good  deal  of  mucilage  and  some  acetate  of  ammonia, 
was  thrown  upon  a  cloth  filter,  and  the  clear  liquid  which  passed 
through  was  evaporated  to  drpiess  and  then  cautiously  heated, 
so  as  not  to  decompose  any  of  the  crude  acetate  of  lime,  while 
almost  the  whole  of  the  mucilaginous  matter  was  rendered  inso- 
luble. The  dark  brown  mass  was  digested  with  a  little  water, 
again  filtered,  and  the  clear  solution  evaporated  to  diyness.  It 
yielded  4  oz.  2  drams  of  diy  acetate  of  lime,  which  was  almost 
entirely  free  from  adlierhig  organic  matter.  When  this  acetate 
of  lime  was  distilled  with  hydrochloric  acid,  it  yielded  29  oz.  of 
a  pure  but  feeble  vinegar,  1  oz.  of  which  required  24  grs.  of 
anhydi'ous  carbonate  of  soda  to  neutralize  it.  As,  therefore,  662 
grs.  of  anhydi'ous  carbonate  of  soda  require  for  saturation  650 
gi's.  of  anhydi'ous  acetic  acid,  1  grain  of  anhycb-ous  carbonate  of 
soda  may  be  regarded  as  equivalent  to  1  gr.  of  anhydrous  acetic 
acid.  Tlie  29  oz.  of  the  above-mentioned  vinegar,  therefore, 
contained  24x1  x  29  =  696  grs.  of  anhydrous  acetic  acid.  As 
1  pound  contains  7000  grs.,  and  6  pounds  of  fucus  consequently 
42,000  grs.,  the  696  grs.  of  anhydrous  acetic  acid  obtained  from 
it  give  1*65  per  cent,  anhydrous  acetic  acid  as  the  produce  of  the 
wet  sea-weed. 

*  Communicalcd  bv  the  Author. 
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II.  Twenty-four  pounds  of  fi-esh  Fuais  nodosus,  also  in  a  moist 
state,  were  suffered  to  ferment  along  with  lime  at  a  temperature 
of  96°  F.  for  about  five  weeks.  Twenty  ounces  of  crude  acetate 
of  lime  were  obtained,  which,  when  distilled  with  hydrochloric 
acid,  yielded  57  oz.  of  pretty  pure  vinegar,  each  ounce  of  which 
saturated  43  grs.  of  anhydrous  carbonate  of  soda.  The  amount 
of  the  acetic  acid  in  the  whole  quantity  was  therefore  2451  grs. 
=  1'45  per  cent,  of  the  wet  Funis  nodosus. 

III.  Four  pounds  of  fresh  Fucus  vesiculosus  were  left  to  fer- 
ment in  the  open  air  along  with  quicklime,  at  the  ordinaiy  tem- 
peratm-e,  from  the  8th  of  June  to  the  1st  of  September,  when 
the  process  was  finished.  The  filtered  solution  of  the  acetate  of 
lime,  after  being  evaporated  to  dnness,  when  distilled  ^\'ith  hy- 
drochloric acid,  }-ielded  46  oz.  of  weak  vinegar,  each  ounce  of 
which  saturated  7  gi's.  of  anhydrous  carbonate  of  soda,  amount- 
ing therefore  in  all  to  322  grs.  of  anhydrous  acetic  acid  =1'15 
per  cent,  of  the  wet  sea- weed.  Thus  it  is  clear  that  when  sea- 
weeds are  feiTQcnted  at  the  ordinaiy  temperature  of  Scotland, 
during  the  summer  months  the  process  goes  on  much  more 
slowly,  and  pelds  a  considerably  smaller  product  than  when  the 
temperature  is  retained  at  about  90°  F.  Should  any  person, 
therefore,  think  of  manufacturing  acetic  acid  from  sea-weeds, 
either  in  Great  Britain  or  in  any  of  the  northern  countries  of 
Europe,  I  would  adnse  him  to  employ  so  much  artificial  heat  as 
to  produce  a  constant  temperature  of  from  90°  F.  to  96'  F.  I 
should  expect,  however,  that  in  the  southern  portions  of  Europe, 
at  least  dming  the  summer  months,  and  in  tropical  countries, 
artificial  heat  might  probably  be  dispensed  ^"ith. 

One  of  the  chief  uses  to  which  sea-weeds  are  applied  is  in 
manuring  land;  and  with  this  application,  their  having  been 
previously  employed  in  the  manufacture  of  vinegar  would  not 
veiy  materially  interfere.  For  if  the  fermented  weeds  and  the 
salts  remaining  in  the  stills  were  spread  upon  the  land,  I  ap- 
prehend they  would  prove  almost  as  useful  in  an  agricultural 
point  of  view  as  the  fresh  sea-weeds  would  have  done. 

The  vinegar  obtained  from  the  Fuci  contained  a  veiy  minute 
quantity  of  butyric  acid.  ^Mien  it  was  therefore  saturated  with 
carbonate  of  soda,  evaporated  to  diyness,  and  the  diy  salt  left 
for  some  time  in  a  moist  atmosphere,  a  small  portion  of  it  deli- 
quesced. This  liquid  portion  was  therefore  separated  from  the 
solid  salt  and  was  evaporated  to  drjmess.  It  formed  a  sapona- 
ceous looking,  unciystallizable  mass,  which  had  the  peculiar 
odour  of  the  butyrates ;  and  when  it  was  digested  with  a  mixture 
of  alcohol  and  sulphuric  acid,  yielded  an  ?ether  which  had  the 
characteristic  odour  and  properties  of  butp-ic  fether.  A  silver 
salt,  prepared  from  this  supposed  butyrate  of  soda  by  double  de- 
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composition  with  nitrate  of  silver,  was  found  to  contain  60"49per 
cent,  oxide  of  silver.  The  calculated  quantity  of  oxide  of  silver 
in  butyratc  of  silver,  is  59"48 ;  that  in  acetate  of  silver,  69*46 ; 
and  in  metacetonate  of  silver,  64*09  per  cent.  It  appears  highly 
probable,  therefore,  that  the  excess  of  oxide  of  silver  found  in 
the  butyrate  arose  from  a  slight  admixture  of  either  acetic  or 
metacetonic  acids. 

A  silver  salt  was  also  prepared  by  digesting  oxide  of  silver 
with  piu'e  acetic  acid  from  the  Fuci.  It  had  all  the  characters  of 
acetate  of  silver ;  and  when  subjected  to  analysis,  0*250  of  the 
salt  gave  0*161  metallic  silver  =0*172  oxide  of  silver  =69*16 
per  cent ;  the  calculated  amount  of  oxide  of  silver  in  the  acetate 
being,  as  was  pre^^ously  stated,  69*46  per  cent. 

Glasgow,  Nov.  26,  1850. 


IV.  On  the  Principles  of  Hydrodynamics.  By  the  Rev.  J.  Chal- 
lis, M.A.,  F.R.S.,  F.R.A.S.,  Plumian  Professor  of  Astronomy 
and  Experimental  Philosophy  in  the  University  of  Cambridge^. 

THE  Number  of  the  Philosophical  IMagazine  for  last  IMarch 
contains  some  observations  by  Professor  P.  Tardy  of  Mes- 
sina, the  object  of  which  is  to  prove  that  a  new  general  equation 
in  Hydrodynamics,  which  I  first  pointed  out,  is  neither  necessan' 
nor  true.  In  the  next  Number  I  answered  completely,  as  I  con- 
ceive, the  arguments  which  had  reference  to  the  truth  of  the 
equation ;  and  I  showed  also,  that,  according  to  Professor  Tardy^s 
own  reasoning,  a  new  general  hydi'odynamical  equation  is  neces- 
saiy.  I  have  not  since  seen  any  additional  observations  by  Pro- 
fessor Tardy.  The  views  on  the  principles  of  hydrodynandcs 
which  I  have  for  a  considei'able  time  maintained,  have  now  been 
subjected  to  the  criticisms  of  several  eniinent  mathematicians, 
from  which  I  willingly  acknowledge  that  I  have  derived  assistance 
in  my  hydrodynamical  researches.  At  tlie  same  time  I  nmst  con- 
tend that  no  ai'gument  directed  against  the  principles  of  the  new 
mathematical  reasoning  which  I  have  applied  to  this  subject,  has 
remained  unanswered,  and  that  the  correctness  of  those  prin- 
ciples is  in  no  respect  invalidated.  Under  the  conviction  that 
they  are  true,  and  that  they  cannot  be  dispensed  with,  I  propose 
now  to  adduce,  in  logical  sequence,  the  various  important  results 
which  I  have  derived  from  them  in  diiFerent  Numbers  of  this 
Jounial,  and  to  support  those  results  by  additional  arguments. 
For  the  puqiose  of  facilitating  any  discussion  to  which  the  sub- 
ject may  give  rise,  the  reasoning  is  carried  on  in  separate  propo- 
sitions, and  each  proof  is  pi'ccedcd  by  a  distinct  enunciation  of 
the  proposition  to  be  proved. 

*  Commuuicated  bv  the  Author. 
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It  will  be  necessaiT  for  the  complete  exhibition  of  the  course 
of  the  reasoning:,  to  begin  by  a  consideration  of  the  fundamental 
principles  of  the  mathematical  treatment  of  the  equilibrium  and 
motion  of  fluids. 

Definition  I.  The  parts  of  a  fluid  press  against  each  other, 
and  against  the  surface  of  any  solid  with  which  they  are  in 
contact. 

Definitio7i  II.  Tlie  parts  of  a  fluid  of  perfect  fluidity  may  be 
separated  by  an  infinitely  thin  solid  bounded  by  plane  faces, 
without  the  application  of  any  assignable  foi'ce. 

Tlie  first  of  these  two  definitions  is  the  statement  of  a  general 
property  of  fluids  kuo-wu  by  common  experience.  The  other  is 
equally  drawn  from  experience,  being  suggested  by  the  facility 
with  which  the  parts  of  a  fluid  may  be  separated.  As  all  kno^Mi 
fluids  possess  some  degree  of  cohesiveness,  none  answer  strictly 
to  this  definition.  The  hypothesis  of  perfect  fluidity  is  made 
the  basis  of  exact  mathematical  reasoning  applied  to  the  equili- 
brium and  motion  of  fluids,  in  the  same  way  that  the  h^•pothesis 
of  perfect  rigidity  is  the  basis  of  exact  mathematical  reasoning 
applied  to  the  mechanics  of  solids. 

These  two  properties  suffice  to  define  fluids  genei-ally,  and 
may  be  employed  in  the  investigation  of  a  certain  law  of  pressure, 
which  is  common  to  all  perfect  fluids,  however  they  may  be  spe- 
cifically distinguished.  Tlie  law  of  pressure  is  found  as  follows, 
the  fluid  being  supposed  to  be  at  rest. 

Proposition  I.  The  pressure  at  any  point  in  the  interior  of 
fluid  at  rest  on  an  imaginaiy  plane  passing  through  that  point, 
is  the  same  whatever  be  the  position  of  the  plane. 

Suppose  an  indefinitely  small  element  of  the  fluid  to  be  sepa- 
rated from  the  rest  by  indefinitely  thin  solid  plates,  and  let  the 
fomi  of  the  element  be  that  of  a  prism,  the  transverse  section  of 
which  is  a  right-angled  triangle.  By  Definition  II.  the  pressure 
is  in  no  respect  altered  by  insulating  the  element  in  this  manner, 
it  being  done  \\'ithout  the  application  of  any  assignable  force. 
Also  by  Definition  I,  the  element  presses  against  the  solid  plates 
with  which  it  is  in  contact ;  and  these  pressm-es,  it  is  clear,  must 
be  counteracted  by  equal  pressures  of  the  plates  against  the  ele- 
ment. But  the  plates  are  incapable  of  pressing  in  any  other 
directions  than  those  of  normals  to  their  surfaces.  Hence  the 
directions  of  these  mutual  pressures  are  pei-pendicvJar  to  the 
plane  faces  of  the  element.  Conceive  the  plates  removed  :  the 
pressures  will  remain  the  same.  Consequently  the  element  is 
held  in  equilibrium  by  the  pressures  of  the  surrounding  fluid 
perpendicular  to  its  surfaces,  and  by  the  impressed  accelerative 
forces. 

Now  let  h  be  the  length  of  the  prism,  a,  /3,  7  the  sides  of  the 
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triangular  section,  a  and  y9  including  the  right  angle,  and  let 
jDja/i,  p:i^h,  p^yh  be  the  respective  pressures  on  the  three  rect- 
angular faces.  The  element  being  indetinitely  small,  the  pres- 
sure may  be  assumed  to  be  uniform  throughout  each  face.  Sup- 
pose the  impressed  accelerative  forces,  resolved  along  the  sides  a. 
and  /3  in  the  directions  towards  the  right  angle,  to  be/j  and/j. 

The  impressed  moving  forces  in  the  same  directions  are  -/,pa/3A 

1 

and  -f^a/Sh,  p  being  the  density  of  the  element.     These  must 

be  in  equilibrium  with  the  pressures  on  the  rectangular  faces 
resolved  in  the  opposite  directions. 

The  pressure  resolved  in  the  direction  of  the  side  a,  and  tend- 
ing from  the  right  angle,. is 

S 
pc^k—p^yhx  -,    or  {p^—pz)l^h. 
7 

The  pressure  resolved  in  the  direction  of  the  side  /9,  and  tend- 
ing from  the  right  angle,  is 

p^uh-p.f/hx  ^,    or  {Pi-P3)cih. 

Hence 

-1  /• 

iP'i  -P's)^^  =  2 /l^«^^'     "^"  ^2  -P3  =  -Y-  ' 

and 

{p,-p^)ah  =  ^f^pul3h,    ov  py-p^  =  '^-. 

Consequently,  as  a  and  /3  are  indefinitely  small,  the  right- 
hand  sides  of  these  equations  are  indefinitely  small,  unless/,  and 
y*2  be  indefinitely  great,  which  is  assumed  not  to  be  the  case. 
Hence p^=P2=P3-  By  supposing  the  position  of  7  to  be  fixed, 
and  those  of  a  and  /3  to  vaiy  in  any  manner  so  as  to  remain 
perpendicular  to  each  other,  it  may  be  inferred  from  tlie  foregoing 
reasoning  that  the  pressures  in  all  directions  from  the  element 
in  a  given  plane  are  the  same.  Supposing  another  plane  to  pass 
through  the  element,  it  may  be  similarly  shown  that  the  pres- 
sures in  all  directions  in  this  plane  from  the  given  element  are 
the  same,  and  consequently  the  same  as  the  pressures  in  the 
other  plane,  because  the  two  planes  have  two  directions  in  com- 
mon. And  as  the  second  plane  may  have  any  position  relatively 
to  the  first,  it  follows  that  the  pressures  are  the  same  in  all  di- 
rections whatever  from  a  given  element,  or  from  a  given  point. 
This  is  the  law  of  pressure  which  it  was  required  to  investigate. 

It  has  been  justly  remarked  by  the  author  of  the  Treatise  on 
Tides  and  Waves  in  the  Encyclopedia  Meiropolifana,  that  the 
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law  of  pressure  does  not  rest  on  the  same  evidence  for  fluid  in 
variable  motion  as  for  fluid  at  rest.  It  will  appear,  however,  by 
the  following  demonstration,  that  the  evidence  in  the  former 
case  may  be  made  identical  with  the  e^*idence  in  the  other  by  the 
introduction  of  a  principle  which  may  be  regarded  as  an  axiom, 
viz.  that  if  a  common  velocitv,  or  common  increments  of  velocity, 
be  impressed  on  all  the  parts  of  the  fluid  and  on  the  containing 
solids  in  the  same  direction,  the  density  and  pressure  of  the 
fluid  remain  unaltered. 

Proposition  II.  The  pressure  at  a  given  instant  at  any  point 
in  the  interior  of  fluid  in  motion  on  an  imaginaiy  plane  passing 
through  that  point,  is  the  same  whatever  be  the  position  of  the 
plane. 

Conceive  the  velocity  of  the  fluid  particle  which  is  at  a  given 
point  at  a  given  time  to  be  impressed  upon  it  and  upon  all  the 
parts  of  the  fluid  and  its  containing  solids  in  a  direction  opposite 
to  that  in  which  it  takes  place.  The  particle  is  thus  reduced  to 
rest.  If  also  its  eftective  accelerative  force  at  each  succeeding 
instant  be  impressed  on  all  the  parts  of  the  fluid  and  the  con- 
taining solids  in  the  direction  contraiy  to  that  in  which  it  takes 
place,  the  particle  \\i\\  remain  at  rest.  By  the  principle  stated 
above,  the  relative  positions  of  the  paiticles  of  the  fluid  and  the 
pressures  at  all  points  are  in  no  respect  changed  by  thus  im- 
pressing a  common  velocity  and  common  accelerative  forces  in 
common  directions.  Since,  then,  the  particle  under  considera- 
tion continues  at  rest,  we  may  apply  to  it  the  same  reasoning  as 
that  applied  to  a  given  elementaiy  portion  of  the  fluid  in  Propo- 
sition I. ;  the  only  difi"erence  being,  that  as  in  that  proposition 
the  pressure  is  supposed  to  be  \mifonn  through  an  indefinitely 
small  space,  in  the  proposition  before  us  it  is  supposed  to  be 
unifonn  both  through  an  indefinitely  small  space  and  during  an 
indefinitely  short  time,  because  the  density  of  the  given  particle 
is  continually  changing.  The  errors  of  these  suppositions  are 
infinitesimal  quantities  of  an  order  that  may  be  neglected.  Hence 
the  law  of  pressure  results  precisely  as  in  Proposition  I.,  the 
efiective  accelerative  force  being  supposed  to  be  always  finite. 
Being  shown  to  be  true  of  any  single  particle  at  any  time,  it  is 
true  of  all  particles  at  all  times.  Consequently  the  law  of  equal 
pressure  in  all  directions  from  a  given  point  has  been  proved  to 
hold  generally  both  in  fluid  at  rest  and  in  fluid  in  motion. 

It  may  be  here  remarked,  that  the  principle  of  impressing  a 
common  velocity  and  common  accelerative  forces  in  a  common 
direction,  on  all  the  material  points  concerned  in  any  instance 
of  motion,  gives  the  means  of  converting  a  d}"namical  into  a  sta- 
tical problem,  and  is  in  fact  the  most  elementaiy  form  of  D'Alem- 
bert^s  principle. 
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Proposition  III.  To  obtain  the  general  equation  of  the  equili 
brium  of  a  fluid. 

Let  the  coordinates  of  the  position  of  any  element  of  the  fluid, 
referred  to  three  rectangular  axes  of  coordinates,  be  x,  y,  z, 
which  we  may  for  the  sake  of  simplicity  suppose  to  be  all  posi- 
tive, since  the  results  obtained  by  reasoning  throughout  con- 
sistently with  this  restriction  will  be  true  independently  of  the 
restriction.  Let  the  form  of  the  element  be  that  of  a  rectangular 
parallelopipedon,  and  its  edges  dx,  dy,  dz  be  parallel  to  the  axes 
of  coordinates;  and  let  p  be  its  density.  Then  if  X,  Y,  Z  be 
the  impressed  accelerative  forces  acting  on  the  element  in  direc- 
tions respectively  parallel  to  the  axes  of  coordinates,  and  tending 
from  the  coordinate  planes,  the  inipresscd  moving  forces  in  the 
same  directions  are 

X/3  dx  dy  dz,     Yp  dx  dy  dz,     Zp  dx  dy  dz. 

These  are  counteracted  by  the  excesses  of  the  pressures  on  the 
faces  of  the  element  furthest  from  the  origin  above  the  pressures 
on  the  opposite  faces,  het  pdydz,  qdxdz,  7-c?crflf// be  the  pressures 
acting  respectively  parallel  to  the  axes  of  x,  y,  z  on  the  faces 
nearest  the  origin.  Then  the  excesses  of  pressure  tending  to- 
wards the  coordinate  planes  are 

y-  dx  dy  dz,  -j-  dx  dy  dz,  -^  dx  dy  dz. 

But  by  Proposition  L,  p,  q,  r  differ  from  each  other  by  infinite 
simal  quantities.     Hence  substituting  p  for  q  and  r,  and  equa 
ting  these  pressures  to  the  impressed  moving  forces  acting  in  the 
opposite  dii-ections,  the  resulting  equations  are 


Hence,  since 
we  have 


pdx      '  '      pdy         '       pdz 

^^p^^'t^^'^fy^y-'t^'' 

^"^^^  =Xdx  +  Ydy-]-Zdz. 


P 

This  is  the  required  equation,  which,  being  proved  of  any  ele 
ment,  may  be  extended  to  all.     The  above,  which  is  the  usual 
investigation  of  this  equation,  is  introduced  here  for  the  sake  of 
exhibiting  completely  the  reasoning  by  which  the  fundamental 
equations  of  hydrostatics  and  hydrodynamics  are  established. 

Proposition  IV.  To  obtain  a  general  dynamical  equation  ap- 
plicable to  the  motion  of  a  fluid. 

Let  X,  y,  z  be  the  coordinates  of  the  position  of  any  element 


Prof.  Challis  on  the  Principles  of  Hydrodynamics.         31 

at  any  time  t,  p  the  pressui'e,  and  p  the  density  at  that  position, 
and  let  X,  Y,  Z  be  the  impressed  accelerative  forces.  Since  by 
Prop.  II.  the  law  of  equal  pressm-e  in  all  directions  fi'om  any 
position  is  true  of  fluid  in  motion,  it  may  be  sho\^'n,  by  proceed- 
ing as  in  Prop.  III.,  that  the  accelerative  forces  of  the  element 
due  to  the  pressure  and  tending  towards  the  coordinate  planes,  are 

dp         dp         dp 

pdx'  pdy'  pdz' 
By  impressing  continually  on  the  whole  fluid  motions  equal  and 
opposite  to  the  actual  motions  of  the  element,  the  above  forces 
remain  the  same,  and  the  element  is  reduced  to  rest.  But,  the 
element  being  at  rest,  these  forces  must  be  in  equihbrium  with 
the  impressed  accelerative  forces,  which  are  now 

dt''  dt^'  dt^' 

Hence,  as  in  Proposition  III., 

l^)=(x-5>+(v-g').,.(z-^f)..  .    ,1, 

where  dx,  dy,  dz  are  independent  variations  of  the  coordinates. 
This  is  the  required  general  equation.  Being  proved  to  be  true 
of  any  element  at  any  time,  it  may  be  extended  to  all  parts  of  the 
fluid  at  all  times,  provided  certain  equations  of  continuity,  to  be 
presently  investigated,  are  satisfied. 

Corollary.  Let  u,  v,  w  be  the  components,  in  the  directions  of 
the  axes  of  coordinates,  of  the  velocity  (V)  which  exists  at  any 
point  xyz  at  any  time  /.  Then  if  x  +  dx,  y  +  dy,  z  +  dz  be  the 
coordinates  at  the  time  t  +  dt  of  the  element  which  was  at  xyz  at 
the  time  /,  we  shall  have 


d,; 

V 

~dt' 

w  = 

dz       (du\ 

''  dt '    \dt )  ~ 

d'x 
dt^- 

And  since,  generally, 

m 

du 

~  dt 

du 

dx 
Jt  ' 

du    dy       du 

^'chj'lt   '^Tz 

dz 

'  dt' 

it  follows 

that 

d\v 

dF~ 

du 
-dt-' 

du 
dx 

du        du 
■^Ty'+Tz''- 

So 

d^y 
di^  " 

dv       dv 
~  dt  ^  dx 

dv        dv 
dy        dz 

and 

d^z 
dt'  ~ 

dw       dw 
~~dt  '^  dx 

dw        dw 

w, 

which  values  are  to  be  substituted  in  the  equation  (1.). 
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I  proceed  now  to  the  consideration  of  the  equations  of  con- 
tinuity. 

Axiom  I.  Let  it  be  granted  that  the  motions  of  a  fluid  must 
be  consistent  with  the  physical  circumstance  that  the  mass  of 
the  fluid  is  constant. 

This  hmitation,  to  which  the  motion  is  subject,  is  expressible 
by  an  equation  which  may  be  thus  investigated. 

Proposition  V.  To  express  by  an  equation  the  condition  that 
the  motion  is  consistent  with  the  principle  of  constancy  of  mass. 

The  whole  mass  is  the  sum  of  all  the  elements  pY)xt)yT)z,  the 
variations  Dcr,  J)y,  Dz  being  independent  of  each  other  and  of 
the  variation  of  time.  Hence  the  condition  to  be  satisfied  is, 
that 

S{pT)a;J)yT)z)=  a  constant, 
or 

B.S{pI)xJ)yI>z)=0, 

the  symbol  S  having  reference  to  change  of  time  and  position. 
On  account  of  the  independence  of  the  symbols  S  and  S,  the 
last  equation  is  equivalent  to 

S{8.pJ)xJ)yI>z)=0, 

which  signifies  that  the  sum  of  the  variations  of  all  the  elements 
by  change  of  time  and  position  is  equal  to  zero.     Now 

B .  pDx'Dy'Dz=zp(DyDzmx  +  BxDzDBy  +  BxByBBz) 

And  since  8x,  By,  Bz  are  the  variations  of  the  coordinates  of  a 
given  element  in  the  time  Bt,  we  have 

Bx=uBt,     By^vBt,    dz=wBt. 
Hence 

l)8x=^J)xBt,     DBy=^J)yBt,     mz=^Dz8t. 

Consequently,  by  substituting, 

Bt.s[BxT)yJ)z(f  ^<LpL  +  'LpL  +  ^)1  =0, 
L  \dt         dx  dy  dz   J  A 

which  equation  is  satisfied  if  at  eveiy  point  of  the  fluid 

This  is  the  equation  it  was  required  to  obtain. 

Another  equation  of  continuity  depends  on  the  following  axiom. 

Axiom  II.  Let  it  be  granted  that  the  directions  of  motion  in 
each  element  of  the  fluid  mass  may  at  all  times  be  cut  at  right 
angles  by  a  continuous  surface. 


Prof.  Cliallis  on  the  Principles  of  Hydrodynamics.         33 

By  satisfying  this  geometrical  condition,  the  motion  of  a  con- 
tinuous mass  is  distinguislied  from  that  of  a  collection  of  indefi- 
nitely small  discrete  atoms.  Another  general  equation  is  re- 
quired for  expressing  that  the  motion  is  subject  to  this  limitation, 
Avhich  is  not  necessarily  involved  in  the  equation  (2.),  because 
the  motion  of  a  collection  of  discrete  atoms  might  be  such  as  to 
satisfy  that  equation. 

Proposition  VI,  To  express  by  an  equation  that  the  directions 
of  motion  in  any  given  element  are  in  successive  instants  normals 
to  continuous  surfaces. 

Let  1^  be  an  unknown  function  of  the  coordinates  and  the 
time  such  that  {d-^)  =  0  is  the  differential  equation  of  a  surface 
to  which  the  dii-ections  of  motion  in  an  element  situated  at  the 
point  xyz  are  normals.     By  Axiom  II.  such  a  surface  really 

exists.     Hence  ~-,  -^,  -—■  are  in  the  proportion  of  u,  v  and 
dx     dy     dz  ^     ^ 

w.     Or,  X,  being  another  unknown  function  of  the  coordinates 

and  the  time, 

^   d'ylr  ^  d^lr  ^  d'^ 

u=\~,     v  =  \ —-,     w:=\-r-. 
doC  dy  dz 

Hence 

{df)=  -dx+  ^dy+  ~  dz^O. 

This  equation  expresses  that  the  directions  of  motion  in  any 
given  element  are  nonnals  to  a  continuous  surface  at  one  instant. 
That  the  motion  may  be  such  as  to  satisfy  this  condition  in  suc- 
cessive instants,  it  is  necessary  that  the  equation 

B{df)=0 

should  also  be  true,  the  symbol  S  having  reference  to  change  of 
time  and  to  the  change  of  position  of  the  given  element.  On 
account  of  the  independence  of  the  symbols  of  operation  8  and 
d,  that  equation  is  equivalent  to 


{d.Ef)  =  0. 

hx=^uht,     hy=vht,     8z  =  iv8t. 
Phil  Mag.  S.  4.  Vol.  1.  No.  1.  Jan.  1851.  D 


But 

and 
Hence 
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Consequently,  by  integration, 

f -f  "+f''+t'-X(0  =  O;     .     .     (A, 

and  substituting  the  foregoing  values  of  u,  v,  iv, 

f-(f-f-;*>x(o=o.. .  (3.) 

This  is  the  equation  it  was  required  to  find.  The  equations 
(1 .),  (2.),  (3.),  with  the  equations 

^  d-dr  ^  d'dr  ^  d-Jr 

u  =  \-r-,      v  =  \^,      7C  =  X—I-, 
dx  dy  dz 

and  a  given  relation  between  the  pressm-e  {p)  and  density  (p), 
suffice  for  determining  the  seven  unknown  quantities  -v/r,  \,  u,  v, 
w,  p,  p. 

Corollary.  By  substituting  -j-,  -j-,  -^  respectively  for  u,  r,  w 

in  the  equation  (A.),  it  will  appear  that 

and  by  integration. 

This  equation  shows  that  the  value  of  y^r  for  a  given  element  may 
vaiy  in  an  arbitrary  manner  with  the  time ;  and,  on  account  of 
the  arbitrary  constant  C,  that  it  may  be  of  arbitraiy  value  at  a 
given  time.  Hence  this  function  has  not  necessarily  the  same 
value  at  the  same  time  for  chfferent  elements. 

The  fundamental  hydrodyuamical  equations  having  now  been 
investigated,  I  proceed  to  apply  them  to  particular  cases. 

Example  I.  Let  the  relation  between  the  pressure  and  the 
density  be  expressed  by  the  equation  j^  =  o^p,  and  let  the  velocity 
and  density  be  functions  of  the  distance  from  a  fixed  plane,  and 
the  fluid  be  supposed  to  be  acted  upon  by  no  accelerative  fo:  ce  : 
it  is  requii'cd  to  determine  the  motion. 

Assuming  that  the  fixed  plane  is  parallel  to  the  plane  yz,  we 
shall  have 

i-  =  0,     ?r  =  0,     -—  =0,     -T-r  =0. 
ut  at 

Hence  the  equations  (1.)  and  (2.)  become  for  this  case, 

u^dp       du         du  _  _  ... 

pdx        dt         dx 

^+u±  +  f=0 (5.) 

pdt         pdx       dx 
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do' 
To  integrate  these  equations^  let  u=-  -^.      Substituting:   this 


value  in  (4.)  and  integrating,  we  have 


»«Nap.log,H-^^  +  i.g;=F 


(0- 


Or,  a  q  =  q'—   r¥{t)dt,  and  consequently  m  =  -^,  the  equation  is 

Hence,  eliminating  p  from  (5.)  by  this  last  equation,  we  obtain 

dxA         dx")        dx  dxdt       df-         ' 

which  equation  is  not  generally  integrable,  but  is  satisfied  by  the 
following  particular  integral, 


u =f{x  —  a  +  II  J). 

Now  although  this  integral  seems  to  have  been  arrived  at  by  an 
unexceptionable  course  of  reasoning,  and  might  be  expected  to 
admit  of  interpretation  consistent  with  fluid  motion,  yet  upon 
trial  this  is  not  found  to  be  the  case.     Suppose,  for  instance,  that 

27r 


af+-  =z{a  +  m)t+  -; 


i/  =  7n  sill -— (a' — a-{-u.t). 
A, 

Then  if  a,'  =  ff^+  — ,  ^  =  0;  and  \i  x=-{a-\-vrL)t-\-  -,   u  —  m.     But 

these  two  values  of  x  are  the  same  if 

4 

tliat  is,  if  ^=  -— . 
4??z 

Hence,  at  the  same  distance  from  the  origin  the  velocity  may 
be  zei'o,  and  may  have  its  maximum  value  at  the  same  moment. 
This  result  is  a  contradiction  jper  se,  having  no  reference  to  any 
physical  circumstance,  but  indicating  that  a  false  step  has  been 
taken  in  the  reasoning.  It  will  be  seen  hereafter  that  this  con- 
tradiction has  an  important  bearing  on  the  analytical  theory  of 
fluid  motion.  At  present  I  propose  to  adduce  other  examples 
of  like  failures,  for  the  purpose  of  showing  distinctly  that  the 
principle  of  the  foregoing  reasoning  is  somewhere  at  fault. 

Example  W.  Let,  as  in  the  preceding  example, /*  =  rrp,  and 
let  the  velocity  and  deiisitv  be  functions  of  the  distance  from  a 

D2 
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fixed  point,  no  accelei'ative  force  acting :  it  is  required  to  deter- 
mine the  motion. 

In  this  instance,  for  the  pui-pose  of  obtaining  an  integi-able 
equation,  the  vehicity  and  changes  of  density  will  be  supposed 
ver>'  small,  and  powers  of  the  small  quantities  above  the  first 
will  be  rejected. 

Let  \=  the  velocity,  and  p  =  \-\-a,  cr  being  very  small ;  and 
let  r  be  the  distance  from  the  fixed  point,  which  is  taken  for 
origin  of  coordinates.     Then 

-Yf       —X^        ,_Yf 
r  '  r  '  r  ' 

d^_du_xdY      d^  _y_  dV     ^z  _z_    dV 

df'  ~  dt"  r'  dt'    df  "  r'  dt'    dt^  ~  r  '  dt' 

Hence  the  equations  (1.)  and  (2.)  become  for  this  case, 

.da       d\      ^ 

''d?  +  ^=''' 

dt        dr         r 
By  eliminating  Y  from  these  two  equations,  there  will  result 
d^.  (TV         2  d'^'  ^^' 

This  equation  is  satisfied  by  the  integral, 

ar=f{r—at). 

Or,  giving  to  the  function  a  particular  fonu, 

m    .2-77 
cr=  —  sm  -^—  [r—at). 
r  K 

Keferring  now  to  the  principle  of  the  separability  of  the  parts 
of  a  fluid  by  an  indefinitely  thin  partition  without  assignable 
force,  as  asserted  in  Definition  II.,  and  the  application  of  that 
principle  in  the  proof  of  the  law  of  pressure  given  in  Proposi- 
tion II.,  it  will  appear  that  in  the  instance  before  us  the  parts 
of  the  fluid  may  at  any  moment  be  conceived  to  be  separated  by 
an  infinitely  thin  spherical  partition  of  arbitraiy  radius.  On 
this  account  the  function  /  may  be  taken  discontinuomly ,  pro- 
Aided  the  pressures  on  the  opposite  sides  of  the  partition  be 

equal ;  that  is,  -j-  may  vaiy  per  saltum,  but  cr  may  not  vaiy  per 

saltum.     Accordingly  the  values  of  the  circular  function  assumed 

above  may  be  taken  from  r=iat  to  r  =  at  +  ■=,  and  the  condensa- 

tion  in  all  the  rest  of  the  fluid  be  supposed  to  be  zero.     Thus  a 


Prof.  Challis  on  the  Principles  of  Hydrodynamics.         37 

spherical  condensed  wave^  the  breadth  of  which  is  ^,  will  be  pro- 

pagated  from  the  centre  with  the  velocity  a,  and  according  to 
the  above  formula  the  condensations  at  corresponding  points  of 
the  wave  at  different  distances,  will  vary  inversely  as  the  distances. 
But  it  is  certain  that  under  these  circumstances  the  condensa- 
tions must  vary  inversely  as  the  square  of  the  distances,  in  order 
that,  in  conformity  with  Axiom  I.,  the  quantity  of  fluid  may  re- 
main the  same.  Here,  then,  we  have  another  contradiction  indi- 
cating that  a  logical  fault  has  been  committed. 

It  may  be  remarked  that,  in  the  above  argument,  the  reason 
for  the  discontinuity  of  the  function  /  is  di'a\\Ti  from  a  funda- 
mental property  of  the  fluid,  and  not,  as  is  usually  done,  from 
independent  anahi;ical  considerations.  The  legitimacy  of  this 
method  cannot  be  questioned.  I  confess  that  I  am  unable  to 
comprehend  how,  on  any  other  principle,  it  can  be  shown  that 

--—  may  vaiy  per  sal  turn,  and  that  <r  must  not  vaiy  per  saltum. 

Example  III.  Let  the  fluid  be  incompressible,  and  let  the 
motion  be  parallel  to  a  fixed  plane. 

Supposing  that  iu  =  0,  the  equation  (3.)  becomes  for  this  case, 

du       ^^  _o 

dx       dy 
For  the  purpose  of  obtaining  an  integrable  equation,  it  will  be 
assumed  that  udx:  +  vdy  is  an  exact  differential  {dd).     Thus  the 
above  equation  becomes 

dW    ,   dW  _ 

dx^  ^  dy^        ' 
the  integral  of  which  is 

e^Y{x-^y  \^^-V)^J{x-y  \/^-\). 
Hence 

de  

and 

''=i  ^^^'^'^^^  v/"=:i)-/V-y  v/^)}-  ^~\. 

To  take  a  particular  instance,  let 

and 

f{x-y  ^-l)  =  f  {x-y  ^'-V). 
Then  u  —  mx,  v=  —my,  and  the  equation  (1.)  becomes  bv  in- 
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tegratioii, 

where  C  may  either  he  constant  or  a  function  of  the  time.  By 
puttmg7?  =  (),  we  ohtain  the  equation  of  the  boundary  of  the 
fluid,  which  thus  appears  to  he  at  all  times  cylindrical.     But 

smce  -  = =  -y,  bv  nitegratins:,  a;i/  =  c^,  and  the   hues  of 

V  1/       dy      '  o         a}    J        > 

motion  are  thus  shown  to  he  rectangular  hyperbolas.  Hence  if 
the  boundary  be  at  one  moment  cylindrical,  it  cannot  be  so  the 
next.  Thus  we  have  a  third  instance  of  contradiction  indicative 
of  a  logical  fault. 

These  three  examples,  which  have  been  selected  as  being  well- 
adapted  to  illustrate  the  subsequent  course  of  the  reasoning,  have 
been  long  submitted  to  the  consideration  of  mathematicians  ; 
and  yet  no  one  has  hitherto  shown  that  the  steps  of  the  processes 
which  have  led  to  the  contrachctions  are  in  any  respect  incon- 
sistent with  received  hydi-odynamical  principles.  I  have  been 
unable  myself,  after  devoting  much  attention  to  the  subject,  to 
discover  any  such  inconsistency,  or  to  see  any  escape  from  the 
conclusion  that  the  received  hydrodynamical  principles  are  de- 
fective. 

If,  then,  it  be  asked  how  the  defect  is  to  be  supplied,  I  answer, 
that  the  third  general  equation  obtained  in  Proposition  YI.  must 
be  taken  into  account.  The  manner  in  which  the  difficulty  is 
overcome  by  means  of  this  equation  will  be  the  next  subject  of 
inquiry. 

Cambridge  Observatorv, 
Nov.  20,  1850. 

[To  be  continued.] 

V.    On  the  Development  of  the  Mouth  and  Tongue  of  the  Frog. 
Bij  Augustus  Waller,  M.D.^ 

DURING  the  greatest  part  of  the  tadpole-life  of  the  frog 
tliere  exists  no  trace  of  the  tongue  within  the  cavity  of 
the  mouth  ;  and  the  mucous  membrane  which  covers  the  body 
of  the  hyoid  bone  and  floor  of  the  throat  is  quite  smooth,  and 
destitute  of  any  organization  indicative  of  any  special  function. 

The  aperture  of  the  mouth  at  this  period  is  of  a  triangular 
shape,  with  jaws  of  a  horny  nature,  and  provided  with  a  mem- 
branous vestibule  in  front,  which  is  closed  by  a  kind  of  sphincter 
oris,  and  is  covered  with  numerous  membranous  folds  having 
several  rows  of  minute  black  teeth  fixed  among  them,  besides 
manv  conical-shaped  papillae  of  a  vascular  natiu'e.  The  labial 
*  Communicated  bv  the  Author. 
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teeth  are  not  joined  together  hke  those  of  the  maxillaries^  but 
are  fixed  separately  to  the  membrane  beneath.  It  is  easy  to 
perceive  by  the  manner  in  which  this  sphincter  oris  acts,  that 
by  their  rasping  action  these  teeth  must  matei-ially  assist  the 
maxillaiy  organs  in  the  comminution  of  food*. 

The  papillfe  are  generally  of  a  conical  shape ;  those  situated 
among  the  folds  are  simple  cones  fixed  to  the  membrane,  and 
about  yi^dth  of  an  inch  in  height ;  others  at  the  angles  of  the 
lips  are  compound,  consisting  of  an  agglomeration  of  simple 
papillce  disposed  around  a  common  stem.  The  exterior  of  each 
papilla  is  formed  of  a  zone  of  ciliated,  globular  or  prismatic  cells. 

The  interior  of  the  papilla  presents  numerous  transverse  lines, 
apparently  constituting  septa,  dividing  the  part  into  compart- 
ments or  cells.  The  cellulated  part  is  generally  limited  at  the 
summit  of  the  cone  by  the  external  zone  of  epithelium ;  but  in 
some  cases  the  cone  is  truncated,  and  the  cellulated  portion 
forms  the  summit.  Each  papilla  receives  a  looped  capillary, 
which  generally  ascends  to  about  two-thirds  of  the  height  of  the 
cone.     (See  fig.  1.)  Fig  1. 

The  nerve-tubes  which  supply  these 
bodies  are  large,  well-defined,  and 
with  the  double  contour  indicating 
tlie  existence  of  a  vigorous  and  perfect 
nervous  action.  In  most  cases  not 
more  than  a  single  tube  can  be  found 
running  to  each  papilla.  Their  mode 
of  termination  is  apparently  in  free 
extremities ;  but,  unlike  the  nerves  of 
the  fungiform  papilla  of  the  frog, 
their  point  of  termination  usually 
falls  ofi"  in  a  very  gradual  man- 
ner. 

The  labial  folds  (like  the  branchia), 
with  their  teeth  and  papillae,  are  cast 
ofi"  as  the  animals  attain  their  full  de- 
velopment or  frog  state.  About  the 
period  of  the  appearance  of  the  hind-lLmbs  we  first  observe  signs 
of  alteration  in  these  organs.  The  gi'adual  steps  by  which  this 
transformation  of  the  buccal  orifice  and  cavity  takes  place  are 
generally  witnessed  in  the  shedding  of  some  of  the  teeth,  the 
atrophv  of  the  papillae,  and  the  disappearance  of  the  folds  about 


Labial  papillae  of  the  tadpole. 
AA.  Zone  of  epithelium. 
CC.  CapiUary. 
N.  Nerve. 


*  The  tadpole  in  its  early  stages  is  well-adapted  for  obsei-ving  the  heart's 
action,  as  the  integuments  are  sufficiently  transparent  to  allow  the  move- 
ments to  be  studied  vAih  a  low  microscopic  power.  For  this  purpose  it  is 
merely  necessary  to  place  the  animal  on  its  back  in  a  shallow  cell  with 
water,  covered  at  the  top  to  prevent  it  from  timaing  over. 
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the  mouth.  By  the  time  the  fore-limbs  make  their  way  through 
the  integuments,  all  the  teeth  at  the  jaws  have  been  cast  oft",  the 
folds  of  the  lips  and  their  papillro  are  entirely  lost,  and  the  skin 
is  tightly  bound  around  the  mouth,  which  has  now  assumed  its 
definite  shape,  except  that  its  opening  is  narrowed  by  a  fold  of 
skin  at  the  angles.  Gradually  these  folds  decrease,  until  the 
angles  of  the  mouth  recede  back  to  the  articulation  of  the  jaws. 
Tliis  change  is  accomplished  by  the  time  the  tail  is  atrophied, 
and  the  animal  has  assumed  its  terrestrial  habits. 

The  metamorphosis  in  the  animal's  habits  is  not  less  marked. 
It  now  seeks  the  land,  and  quickly  dies  if  kept  in  the  water. 
The  indiscriminate  voracity  of  the  tadpole  no  longer  exists ;  it 
rejects  all  dead  food,  and  subsists  exclusively  on  live  insects. 
The  situation  of  the  labial  papill?e  in  the  tadpole  is  well-adapted 
for  the  senses  of  touch  and  of  taste.  Those  exterior  to  the  lips 
are  mostly  adapted  for  tactile  purposes.  The  actinty  of  this 
sense  is  evident  when  the  animal  is  observed  hovering  around 
some  floating  object,  of  which  it  evidently  takes  cognizance  by 
some  tactile  power  located  in  this  region.  The  papillae  inside 
the  lips  are  more  suitably  disposed  for  receiving  sapid  impres- 
sions, being  in  close  proximity  with  the  food  after  it  has  been 
comminuted  by  the  teeth.  In  Fishes,  that  class  of  animals  to 
which  the  tadpole  presents  the  greatest  analogies,  we  find  grouped 
around  the  mouth  organs  which  appear  strictly  homologous  to 
those  nnder  examination.  Such  are  the  tentacles  about  the 
mouth  of  the  individuals  composing  the  Cj^Drinoid  and  Siluroid 
families.  The  fleshy  process  at  the  symphysis  of  the  Cod  is 
probably  the  same  organ  reduced  to  a  rudimentary  state.  In 
the  Lancelot*,  "the  vertically-fissured  aperture  of  the  mouth  is 
provided  on  each  side  A\nth  a  series  of  long,  slender-jointed  and 
ciliated  tentacula,  which  mainly,  by  the  perpetual  vortex  they 
cause  in  the  smTOunding  water,  bring  the  auimalcular  nutriment 
within  the  grasp  of  the  pharynx." 

The  conical  processes  of  the  tadpole  probably  possess  a  similar 
power,  only  in  much  more  limited  degree,  as  they  are  abundantly 
provided  with  well-developed  cilia  of  a  very  active  character. 

The  tongue  of  the  tadpole  makes  its  appearance  at  the  time 
that  the  mouth  assumes  its  definite  shape,  which  we  have  stated 
occurs  contemporaneously  with  the  evolution  of  the  fore-limbs. 
At  the  earliest  stage  the  tongue  offers  inequalities,  where,  after 
congestion,  arc  red  points  of  engorged  blood,  the  first  appear- 
ance of  fungiform  papilla^.  In  a  fragment  slightly  com])ressed 
between  glass,  these  bodies  arc  seen  to  project  at  the  borders. 
They  are  nearly  globular,  and  are  seated  inmiediately  on  the 
membrane  without  any  apparent  stem,  and  are  about  ji^jdth  of 
*  Owen,  Comparative  Anatomy,  p.  229. 
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Fungiform  papilla  of  young 
frog  before  atrophy  of  the  taU. 
AA.  "aiuscular  fibre. 
CC.  Capillary  surmounted  by 
the  body  of  the  fungi- 
form papilla. 


an  inch  in  size.  The  papilla  receives  a  looped  capillaiy,  which 
scarcely  reaches  beyond  the  point  of  insertion  with  the  mem- 
brane. No  signs  of  nerves  can  be  detected  at  this  stage.  Pa- 
rallel fibrill?e  of  a  muscular  nature  may  be  seen  running  outside 
the  vessels  and  in  the  same  direction.  The  surface  of  the  pa- 
pilla is  covered  with  small  irregular  cells  of  epithelium.  (See 
fig.  2.)    The  conical  papillae  do  not  yet  make  Fig.  2. 

their  appearance^  the  sui'face  of  the  mem- 
brane being  unbroken  except  by  the  fungi- 
form bodies.  The  epithelial  cells  are  indi- 
stinct in  their  outline,  less  angular,  and  their 
size  not  generally  more  than  one-third  of  the 
usual  size  in  the  full-grown  animal.  The 
muscular  fibres  over  the  i*est  of  the  tongue 
are  striated,  the  strise  being  more  distant 
than  in  the  adult  animal,  and  the  fibres 
more  indistinct  and  much  smaller.  The 
blood-globules  are  very  irregular  in  size 
and  form;  many  are  globular,  others  cres- 
cent like,  and  scarcely  any  have  attained 
the  ordinaiy  size  they  possess  in  the 
adult. 

As  the  tail  of  the  tadpole  becomes  atrophied,  the  fangiform 
papilljE  increase  in  size ;  they  then  assume  the  form  they  defini- 
tively retain.  At  the  summit  of  the  papilla  is  a  zone  of  epithe- 
lial cells  surrounding  a  circular  area  covered  with  thin  laminated 
scales.  The  nerve  of  the  papilla,  as  first  seen  after  the  complete 
atrophy  of  the  tail,  is  to  be  distinguished  in  the  angle  between 
the  afferent  and  efferent  vessels  by  its  gray  colour,  without  any 
signs  of  tubular  membrane  or  distinct  tubes.  It  can  be  traced 
only  to  the  concavity  of  the  vascular  loops.  Fig.  3. 

In  the  papilla  of  a  frog  weighing  about  twelve  Magnified  400  diam. 
grains,  we  discover  two  or  three  nerve-tubes  much 
smaller  than  in  the  adult.  (See  fig.  3.)  The 
blood-vessels  form  several  loops  at  the  summit  of 
the  papilla.  Striated  muscular  fibres  apparently 
divested  of  their  sarcolemma  exist.  The  conical 
papillae  are  very  distinct. 

In  a  frog  weighing  a  di-achm  and  a  half  the 
nerv^e-tubes  appear  more  numerous,  about  three 
or  four  in  number.  (See  fig.  4.)  The  muscular 
fibres  were  covered  with  their  sarcolemma.  The 
strise  in  the  examples  before  me  were  more  di- 
stinct in  the  longitudinal  direction,  while  in  the 
muscular  fibres  not  belonging  to  the  fungiform 
papilla  they  were  more  distinct  in  the  transverse  '^ormp'Tp'inaofjwng 

direction.  frog,  weighing  12  grs. 
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The  increase   in    the   number  of  the  Fig.  4. 

nerve-tubes  in  each  fungiform  pai)illa,  Majnificd  4oo  diameters. 
with  the  age  of  the  animal^  must  neces- 
sarily be  accompanied  with  a  corresjiond- 
ing  increase  in  the  number  of  tubes 
composing  the  trunk  of  the  glossopharyn- 
geal, from  whence  all  the  fibres  are  derived; 
for  in  the  nervous  trunks  the  indepen- 
dence of  the  nene-tubes  is  an  established 
fact,  confirmed  by  every-day  observation. 
In  the  substance  of  the  tongue  we  can 
so  easily  trace  the  peripheric  end  of  the 
nerve  up  towards  the  trunk  for  so  consi- 
derable a  distance,  that  no  subdivision  of 
the  primitive  fibres  can  be  regarded  as  in  ""Tog^weigLng ft^Z"'' °' 
the  least  degree  probable  in  this  part  of 

their  course.  The  same  increase  of  fibres  is  likewise  observed  in 
the  mammiferse ;  the  tubes  are  too  indistinct  and  too  close  toge- 
ther to  allow  us  to  determine  numerically  their  difference  at  dif- 
ferent ages. 

It  is  probable  that  the  increase  of  nerve-tubes  is  not  confined 
to  the  nerves  supplying  the  tongue,  but  is  a  general  law  appli- 
cable to  the  whole  nervous  system,  as  we  observe  that,  with  the 
p, -ogress  of  age,  the  rest  of  the  nenous  trunks  undergo  an  aug- 
mentation in  size  in  the  same  manner  as  the  glossophaiyngeal. 

In  the  frog,  their  augmentation  in  number,  from  the  time  at 
which  they  are  first  distinctly  seen  to  that  at  which  the  animal 
is  full  grown,  is  from  two  to  eight.  Supposing  this  to  be  the 
general  ratio  of  increase  for  the  whole  system,  we  see  how  great 
must  be  the  difference  in  the  nervous  powers  at  different  ages. 

The  other  characteristics  of  the  young  nerve-tubes  are  their 
comparative  minu.teness,  being  at  first  not  more  than  half  the 
size  they  ultimately  attain,  the  general  absence  of  the  white 
substance,  and  their  uneven  varicose  shape,  not  imlike  that  of  the 
white  cerebral  fibres.  Tlie  same  minuteness  of  the  tubular  fibre 
is  seen  throughout  the  nerve  up  to  the  brain.  In  a  young  frog 
weighing  15  grains,  their  maximum  size  was  about  :j^~^dth  of 
an  inch.  In  the  advdt  the  same  nerve-tubes  were  o-q-qq,  and  in 
tlic  sciatic  of  the  same  animal  they  were  jj^^dth  of  an  inch. 

The  alteration  in  the  vascular  system  during  the  various  stages 
of  development  of  the  papillary  organs  is  not  less  manifest  than 
that  of  the  nerves.  In  the  first  stage  the  papilla  receives  a  nar- 
row capillary,  which  forms  a  close  bend  on  itself  on  reaching  the 
point  of  insertion  of  the  papilla.  With  the  increase  of  the  organ 
tlie  vessel  quickly  shows  a  double  loop  or  bend,  giving  it  a 
crutched  appearance ;  while  in  the  adult  anmial  there  is  found 
an  increase  in  the  size  of  the  vessels,  and  frequently  an  increase 
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in  the  number  of  tlie  capillary  tninks^  which  are  now  three  instead 
of  two ;  and  at  the  summit  are  loopSj  frequently  to  the  number  of 
four  or  five.  These  often  require  to  be  Lajected  to  be  rendered 
visible,  as  in  the  ordinaiy  state  some  of  them  are  frequently 
either  empty  or  full  of  the  serous  parts  of  the  blood. 

Kensington,  December  1850. 

[To  be  coutiuiied.] 

\I.    On  Electrical  Dust  Figures  observed  on  Plate  Glass. 

5?/ J.  A.  Broux*. 

[With  a  Plate.] 

N  the  year  1843,  while  obsening  the  magnetic  dip  at  Ma- 
kerstoun,  I  noticed  some  remarkable  figures  upon  the  glass 
door  of  the  inclinometer-case  :  these  figm-es  had  a  beautifully 
ramified  stiiicture ;  some  of  the  lines  being  continuous,  and  some 
formed  of  series  of  successive  points.  I  showed  this  curious 
phpenonienon  to  Professor  J.  D.  Forbes  shortly  after  I  fii'st  no- 
ticed it,  and  found  that  it  was  as  new  to  him  as  to  myself.  I  at 
first  supposed  that  it  was  a  magnetical  phfenomenon,  but  upon  a 
little  fxu-ther  investigation  I  found  similar  figures  upon  the  glass 
of  clock-cases  ia  all  azimuths.  Had  my  other  duties  permitted, 
I  intended  to  have  made  a  series  of  experiments  in  connexion 
with  these  figures,  but  have  always  been  prevented  ;  I  now  there- 
fore off"er  the  fact  for  the  investigation  of  others,  with  such  re- 
marks as  have  occmTcd  to  me  in  the  course  of  my  limited  exami- 
nation of  the  subject.  The  figm-e  fii'st  seen  I  copied  veiy  care- 
fully ;  it  is  shown  in  Plate  II. 

It  will  be  seen  that  the  lines  are  at  times  beautifully  curved 
and  continuous ;  they  run  up  against  one  another,  but  never 
overlap,  and  seldom  if  ever  come  into  absolute  contact.  In  some 
cases  the  lines  are  very  bold,  about  a  himdredth  of  an  inch  in 
breadth,  in  others  they  are  barely  ^'isible.  Between  the  conti- 
nuous lines  there  is  often  the  faintest  and  most  delicate  traceiy. 
The  dotted  curved  lines  are  formed  of  small  particles  at  various 
distances.  At  times  the  lines  are  formed  of  small  continuous 
pieces  with  breaks ;  and  where  the  break  occurs,  there  is  gene- 
rally a  small  ofi"shoot,  as  if  the  continuation  had  been  diverted 
into  another  channel.  In  some  of  the  figures  the  lines  are  almost 
wholly  dotted,  and  the  interior  of  the  more  regularly  formed 
portions  is  frequently  filled  with  dots  without  any  arrangement. 

The  variations  of  forms  are  excessive.  I  have  watched  the 
grow"th  of  the  figures,  which  goes  on  at  times  veiy  slowly  ;  often, 
however,  the  principal  outlines  seem  formed  in  a  single  day,  and 
aftenvards  the  interiors  of  the  figures  are  filled  with  others,  the 
particles  of  which  they  are  formed  becoming  fainter  and  fainter. 

*  CoTiimunicated  bv  the  Author. 
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The  gro\\'th  is  the  most  rapid  in  dry  hot  weather,  and  in  a  dusty 
room.  The  lines  are  quite  opake ;  wlien  breathed  on,  however, 
they  become  swollen,  and,  from  the  moisture  imljibcd,  semi- 
transparent  ;  after  the  moisture  is  dried  up,  the  lines  no  longer 
have  their  original  shaqmess. 

I  have  called  these  figures  electrical,  because  I  conceive  their 
growth  is  chiefly  due  to  the  diffcx'ent  electrical  states  of  the  par- 
ticles of  dust  floating  in  the  atmosphere  and  the  glass.  This  suppo- 
sition is,  however,  insufficient,  since  I  have  never  seen  these  figures 
upon  any  other  than  plate-glass. ;  and  I  conceive,  therefore,  that 
the  attraction  of  the  particles  of  dust  and  the  formation  of  the 
figures  is  connected  with  the  fine  stride  formed  in  polishing  the 
glass.  The  attraction  of  a  particle  of  dust  to  a  point  upon  one 
of  these  strise  may  become  a  point  of  attraction  for  another  par- 
ticle, and  so  the  continuous  curved  lines  may  be  formed  :  the 
dotted  lines  seem,  however,  also  to  indicate  a  repulsive  action 
between  some  of  the  particles.  It  has  been  remarked  that  the 
curves  rarely  or  never  come  into  absolute  contact ;  this  may  be 
due  to  the  fact,  that  the  strife  last  formed,  in  crossing  the  others, 
will  raise  a  small  ridge  at  the  crossing,  as  we  see  in  making 
streaks  in  sand.  It  has  also  been  remarked  that  the  particles  of 
dust  easily  imbibe  moisture;  if,  when  thus  swollen,  the  tigm'es  were 
exposed  to  frost,  we  should  have  the  same  tracery  in  frost  work : 
such  frozen  figures  I  actually  observed  last  winter  on  the  outside 
of  the  plate-glass  of  a  shop-window  in  Princes  Street,  Edinburgh. 

I  may  remark,  in  conclusion,  that  I  imagined  at  one  time  that 
these  figures  were  analogous  to  the  gro^\i:h  observed  between 
the  lenses  forming  the  object-glasses  of  telescopes  :  upon  a  careful 
examination  of  both  I  am  inclined  to  believe  that  they  are  wholly 
different ;  the  lines  of  the  growth  are  at  times  rounded,  and  they 
cross  one  another  like  the  branches  of  a  plant ;  but  the  lines  of 
these  figures  are  cjuite  flat,  and  apparently  never  cross.  The 
process  of  the  formation  of  the  figures  has  reminded  me  of  that 
of  some  of  the  finer  filamentary  cirrhous  clouds. 

Paris,  December  1850. 

VII.  Explanation  of  the  coincidence  of  a  Theorem  given  hij  Mr. 
Svlvester  in  the  December  Number  of  this  Journal,  with  one 
stated  by  Professor  Donkin  in  the  June  Number  of  the  same. 
By  J.  J.  Sylvester,  M.A.,  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Jownal. 

Gentlemen, 

I  WISH  to  state,  without  loss  of  time,  that  in  the  theorem 
given  by  me  for  the  composition  of  two  successive  rotations 
about  different  axes,  I  have  been  anticipated  by  Prof.  Donkin  in 
the  June  Number  of  your  Jom-nal. 
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To  my  shame  I  must  confess,  that,  although  an  occasional 
contributor  to,  I  am  not  invariably  a  constant  reader  of  your 
valuable  miscellauy,  othei-\A'ise  I  should  not  have  introduced  the 
theorem  in  question  without  due  acknowledgement  of  Professor 
Donkin's  claims  to  whatever  mei-it  may  attach  to  the  priority  of 
publication.  The  fact  is,  that  I  made  out  the  theorem  for  myself 
nine  years  ago,  and  had  some  commmiicatiou  on  the  subject  ^"ith 
Professor  De  ^Morgan,  who  was  then  writing  the  scA'cnteenth 
chapter  of  his  Differential  Calculus.  A  recent  conversation  with 
this  gentleman  has  brought  back  to  my  mind  a  virid  recollection 
of  the  course  of  that  communication.  I  brought  under  Professor 
De  Moi'gan's  notice  the  analytical  memoir  of  Sr.  Gabrio  Pola  on 
the  subject  m  the  ]Memoii's  of  the  Italian  Society  of  !Modena, 
and  satisfied  myself  of  the  existence  of  the  single  axis  of  displace- 
ment by  compounding  the  two  rotations  in  the  manner  given  in 
my  paper,  which,  for  the  case  of  two  arcs  fixed  in  space,  is  the 
same  as  Professor  Donkin's,  and  for  two  arcs  fixed  in  the  rota- 
ting body  is  materially,  although  not  fonnally  the  same. 

It  then  occm*red  to  me  that  a  more  simple  demonstration  ought 
to  be  deducible  from  the  possibility  of  always  finding  the  point 
on  a  sphere,  by  revolution  about  which,  as  a  pole,  one  equal  arc 
coidd  actually  be  sho^ii  to  be  transportable  into  the  place  of 
another.  But  in  proceeding  to  work  out  this  idea  I  fell  into  a 
remarkable  blunder,  in  which  I  have  since  been  followed  by 
more  than  one  able  fi'iend  to  whom  I  have  proposed  the  ques- 
tion. The  blunder  v.as  of  this  kind : — Two  arcs  have  to  be 
di'awn,  bisecting  at  right  angles  the  arcs  joining  the  extremities 
of  two  equal  arcs ;  the  point  of  mtersection  of  the  two  bisecting 
arcs  mu^t  in  all  cases  fall  outside  the  quadi'ilateral  formed  by  the 
equal  and  joining  arcs.  I  supposed  it  to  fall  inside.  There  ap- 
pears to  be  a  fatal  tendency  to  do  so  in  all  who  take  the  subject 
in  hand.  In  consequence  of  this  error,  the  cause  of  which  I  did 
not  at  the  moment  perceive,  I  was  di'iven  to  deny  and  admit  in 
one  breath  the  same  proposition.  ^Mr.  De  ^lorgan  sent  me  the 
coiTcct  proof  after  this  method  (the  same  as  that  given  by  him 
at  page  489  of  his  Calcidus),  I  am  inclined  to  think  after  I  had 
myself  detected  my  error;  but  of  this  I  cannot  feel  certain. 

This  is  the  method  alluded  to  by  me  in  the  words  "  it  is  right 
to  bear  in  mind,  &c.,"  at  the  time  of  wi-iting  which  all  recollec- 
tion of  the  same  thing  having  been  published  by  ]Mr.  De  Morgan 
had  vanished  from  my  memoiy. 

The  proof  of  the  triangle  of  rotations  is  so  simple,  that,  as 
Professor  Donkin  states  (in  a  letter  which  he  has  done  me  the 
favour  of  addi-essing  me  on  the  subject)  was  the  case  with  him- 
self, I  thought  it  increcUble  that  it  should  not  have  appeared  in 
some  elementaiy  work,  and  I  was  therefore  at  no  pains  to  publish 
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it  as  my  own ;  nor  should  I  have  written  at  all  on  the  subject, 
had  it  not  been  for  the  surprise  occasioned  to  my  mind  by  falling 
in  with  Professor  Stokes's  article  in  the  Cambridge  and  Dublin 
Mathematical  Journal,  to  demonstrate  the  existence  of  an  instan- 
taneous axis,  which  ])roceeds  in  a])parent  \inconsciousness  of  the 
so  simply  demonstrable  law,  that  any  number  of  rotations  of  any 
kind  (and  therefore  those  that  take  place  in  an  instant  of  time) 
are  representable  by  a  single  rotation  about  a  single  axis.  I 
shall  feel  obliged  by  the  eai-ly  insertion  of  this  explanation,  more 
in  justice  to  myself  than  to  Professor  Donkin,  whose  high  and 
worthily  earned  reputation,  not  to  speak  of  the  disinterested  love 
of  truth  for  its  own  sake,  apart  from  personal  considerations, 
which  animates  the  labours  of  the  genuine  votary  of  science, 
must  make  him  indifferent  to  whatever  credit  might  be  supposed 
to  result  from  the  first  authorship  or  publication  of  the  very 
simple  (however  impoi-tant)  theorem  in  question. 

I  am.  Gentlemen, 

Yo\irs  faithfully, 
26  Lincoln's-Inn-Fields,  J.  J.  SYLVESTER. 

December  1850. 


VIII.   On  the  Physical  Distinction  of  Magnetic  and  Diamagnetic 
Bodies.     By  Dr.  von  Feilitzsch. 

Roval  Institution, 
My  dear  Sir,  Dec.  24,  1850. 

I  HAVE  just  received  the  inclosed  letter ;  and  though  I  have 
not  had  time  to  consider  the  view  experimentall)',  I  think 
it  such  an  important  contribution  to  the  philosophy  of  magnetic 
and  diamagnetic  bodies,  and  am,  as  always,  so  anxious  to  establish 
the  date  of  a  new  theoiy  or  fact,  that  I  send  it  to  you  at  once 
for  publication  if  you  think  fit.  I  have  left  it  almost  in  the 
authoi''s  language,  that  I  might  not  misstate  his  view. 
Ever,  my  dear  Sir, 

Very  truly  yours, 
Richard  Taylor,  Esq.,  M.  Faraday. 

i^c.     ^c. 


Greifswald  in  Prussia,  Dec.  3,  1850. 

SiB, — If  the  statement  of  a  new  theory  constitutes  progi*ess 
in  science,  when  the  phsenomena  already  known  are  brought 
by  it  into  a  point  of  view  leading  to  new  essays  to  prove  or  to 
disprove  them,  then  I  hope  by  my  eff'orts  to  have  made  an  ad- 
vance, though  but  small,  in  that  branch  which  you,  the  discoverer 
of  diamagnetism,  have  opened. 
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I  could  not  be  entirely  satisfied  by  that  theoretical  contemplation 
of  the  nature  of  diamagnetism  which  you,  and  after  you  Messrs. 
Reich,  Poggendorfif,  Weber,  and  Pliicker  have  entertained*. 
This  theory  requires  the  h\iiothesis,  that  in  every  molecule  of  a 
magnetic  substance  subject  to  external  induction  the  magnetism 
is  so  distributed^  that  to  the  inducing  south  pole  is  directed  an 
induced  north  pole,  and  to  the  inducing  north  pole  an  induced 
south  pole ;  but  that  in  diamagnetic  substances  the  distribution 
takes  place  in  such  a  manner,  that  in  every  molecule,  to  the  in- 
ducing south  pole  an  induced  south  pole,  and  to  the  inducing 
north  pole  an  induced  north  pole  is  directed;  or  what  is  the 
same  thing,  that  the  cuiTcnts  of  the  theoiy  of  Ampere  in  magnetic 
substances  are  in  the  contraiy  direction  to  those  in  diamagnetic 
substances.  I  tried  rather  to  explain  to  myself  the  phfeuomena 
by  an  hypothesis  which  M.  van  Reest  had  advanced ;  conse- 
quently I  suppose  that  in  magnetic,  as  in  diamagnetic  sub- 
stances, the  polarity  of  the  molecules  have  the  same  dii'ection ; 
so  that  all  the  north  poles  are  turned  to  the  south  pole,  and  all 
the  south  poles  to  the  north  pole  of  the  inducing  magnet ;  only 
with  this  difference,  that  in  a  bar  of  magnetic  substance  the  in- 
tensity of  the  distribution  upon  the  molecules  increases  from  the 
ends  to  the  middle,  while  in  a  bar  of  diamagnetic  substance  it 
decreases  from  the  ends  to  the  middle.  The  cm'rents  of  Ampere  in 
magnetic  substances  would  be  consequently  more  feebly  directed 
in  a  given  particle  than  in  those  nearer  the  centre  of  the  excita- 
tion, but  stronger  than  in  those  more  distant ;  but  in  diamag- 
netic substances  the  reverse  would  be  the  case. 

These  suppositions  are  permitted,  if  we  attribute  to  the  two 
groups  of  substances  a  diverse  resistance  to  the  magnetic  excita- 
tion (a  different  coercive  power) .  The  particles  of  a  magnetic 
body  have  a  very  feeble  coercive  power :  then  the  distribution 
of  magnetism  must  take  place  in  such  a  manner,  that  the  mag- 
netism evolved  in  every  particle  by  the  primitive  excitation  acts 
on  its  part  on  the  others,  and  particularly  on  the  neighbouring 
particles.  Because  the  molecules  are  situated  very  near  one  to 
the  other,  it  may  be  supposed  that  this  part  of  magnetism  is 
stronger  than  that  of  the  primitive  excitation.  But  in  dia- 
magnetic bodies  the  coercive  power  is  so  considerable,  that  this 
portion  of  magnetism  which  appears  by  the  excitation  of  the 
molecules  one  on  the  other  is  more  feeble  than  that  which  is  pro- 
duced by  the  primitive  excitation. 

A  bar  of  magnetic  or  diamagnetic  substance  may  be  excited  in 

*  I  have  not  adopted  the  view  referred  to.  See  Phil.  Trans.  1850, 
p.  171.— M.  F. 

t  ^lemoirs  of  the  Netherlands  Institution,  vol.  xii. 
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two  manners ;  cither  from  the  ends  to  tlie  centre,  or  from  the 
centre  to  the  ends. 

A.  The  excitation  from  the  ends  to  the  centre  is  done  when  a 
bar  is  suspended  between  two  magnet  poles. 

1 .  "Wlien  the  coercive  power  is  such  that  the  eflfect  of  the  mole- 
cules on  each  other  may  be  neglected,  then  eveiy  particle  that  is 
nearer  to  the  magnet  pole  will  be  more  strongly  excited  than  the 
neighbouring  and  more  distant  particle. 

If  we  observe  two  such  neighbouring  particles  near  the  exter- 
nal south  pole,  then  will  the  more  near  repel  a  south  pole  with 
the  intensity  s ;  the  more  distant  will  tui-n  to  a  north  pole  with 
the  intensity  n',  but  in  such  a  manner  that  n'<s.  But  out- 
wardly these  two  excited  magnetisms  act  with  the  difference  of 
their  power  s  — «';  but  this  is  in  our  case  south  polar,  con- 
sequently of  the  same  kind  as  the  exciting  south  ])ole.  The 
contrary  will  take  place  near  the  north  pole,  so  that  the  dis- 
engaged magnetism,  distributed  over  the  bar,  becomes  south  jwlar  on 
that  half  which  is  turned  to  the  south  pole,  but  north  polar  on  the 
other  half  that  is  turned  to  the  north  pole.  A  substance,  where 
this  takes  place,  is  diamagnetic,  it  places  itself  equatorial. 

2.  When  the  bar  of  a  magnetic  substance  is  so  qualified  that  the 
separating  action  of  the  molecules  on  each  other  must  be  taken 
into  consideration,  then  it  can  become  so  strong  that  the  mole- 
cules in  the  middle  of  the  substance  are  more  strongly  magnetic 
than  towards  the  ends.  If  we  observe,  once  more,  two  such  par- 
ticles near  the  external  south  pole,  the  south  pole  of  the  nearest 
will  tend  to  recede  by  an  intensity  s^  from  this  external  south 
pole,  but  the  more  distant  will  turn  towards  it  a  north  pole  of 
the  intensity  ??/,  but  in  such  a  manner  that  n^^Sy  Out- 
wardly the  two  will  act  with  the  intensity  w'j—5j,  but  this  is 
north  polar,  therefore  of  a  contraiy  nature  to  the  exciting  south 
pole.  The  contrary  will  take  place  near  the  north  pole,  so  that 
the  disengaged  magnetism  distributed  over  the  bar  becomes  north 
polar  on  the  half  that  is  turned  towards  the  south  pole,  but  south 
polar  on  that  half  that  is  turned  towards  the  north  pole.  A  sub- 
stance where  this  takes  place  is  magnetic,  it  places  itself  axial. 

3.  Besides,  of  this  observed  disengaged  magnetism,  we  must 
further  consider  that  portion  which  becomes  disengaged  on  the 
final  surface  of  the  bar,  and  which  cannot  be  compensated  by  the 
neighbouring  particles.  This  is  always  of  a  contrary  nature  to 
the  exciting  neighbouring  pole.  In  magnetic  bodies  it  supports 
the  effect  of  the  disengaged  magnetism  developed  in  the  bar; 
in  diamagnetic  bodies  it  acts  in  the  contrary  direction,  and  it  is 
to  be  thought  that  sometimes  it  even  is  preponderating.  Per- 
haps this  might  be  the  cause  of  the  feeble  magnetism  that  you 
obsened  in  platinum,  palladium  and  osmium. 
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B.  An  excitation  from  the  middle  to  the  ends  occurs  if  we 
place  a  bar  in  an  electrical  spiral ;  but  in  this  case  all  the  sub- 
stances must  gain  the  same  polarity  as  the  iron. 

To  prove  that,  I  placed  a  thick  bar  of  bismuth  in  a  veiy  strongly 
acting  spiral,  which  was  excited  by  four  cells  of  Mr.  Grove, 
every  one  of  13  square  inch  of  platinum  plate.  I  set  this  spiral 
on  one  side,  and  near  to  a  little  declination-needle  suspended 
by  a  silk  thread,  and  I  compensated  its  effect  by  a  steel  magnet 
which  I  adjusted  on  the  other  side  of  the  needle  till  the  latter  was 
returned  to  its  first  place.  When  I  withdrew  the  bismuth  bar 
out  of  the  spiral,  then  the  needle  declined  in  favour  of  the  com- 
pensating magnet ;  but  if  I  restored  it  again  in  the  spiral,  then 
the  needle  declined  in  favour  of  the  spiral.  Unfortunately  the 
poverty  of  the  physical  establishment  of  our  university  did  not 
allow  me  to  test  other  substances  than  the  bismuth,  but  I  shall 
supply  this  defect  as  soon  as  it  is  to  be  done.  You  will  allow  me 
the  consequence, — that  diamagnetism  and  magnetism  are  only 
modifications  of  the  same  power,  which  are  produced  partly  by 
the  different  coercive  power  of  the  substances,  partly  by  the  dif- 
ferent manner  of  excitation. 

Applying  the  former  to  the  theory  of  Ampere,  I  was  startled, 
because  it  has  hitherto  taught  only  that  currents  which  are 
parallel  and  directed  in  the  same  way  attract,  but  if  they  are 
parallel,  and  not  directed  in  the  same  manner,  they  are  repulsive  ; 
therefore,  that  a  current,  moving  in  the  direction  of  the  hand  of  a 
watch,  in  a  spiral  produces  a  south  pole  on  the  entrance  point  in 
the  spiral,  but  a  north  pole  on  the  egression  point.  Hitherto, 
only  such  spirals  have  been  constinicted  in  which  the  current  in 
every  winding  shows  an  equal  intensity. 

But  I  tried  to  arrange  spirals  of  the  following  kind  : — One 
of  them  is  in  such  a  way  constructed,  that  on  two  copper  wires 
are  soldered  to  each  of  them  fifteen  thin  wires  covered  over  with 
silk.  The  first  winding  backwards  over  the  copper  wire,  i.  e.  the 
first  convolution  of  the  helices,  beginning  at  the  end  and  pro- 
ceeding towards  the  centre,  is  with  all  the  fifteen  wires;  the 
second  winding  is  only  wound  with  fourteen  threads,  whilst 
the  fifteenth  is  carried  along  the  axis,  &c. ;  consequently  every 
convolution  of  the  fifteen  windings  has  a  thread  less,  and  the  ends 
of  all  the  other  threads  have  the  direction  of  the  axis.  The 
ends  of  the  fifteen  threads  are  soldered  in  the  middle,  and  the 
two  thick  wires,  without  touching  each  other,  are  so  bent,  that 
they  can  be  suspended  in  the  little  cvips  of  the  apparatus  of 
Ampere ;  then  a  current,  passing  through  the  spiral,  will  divide 
itself  in  such  a  manner  that  it  is  most  strong  on  the  external 
ends  of  the  spiral,  but  decreases  more  and  more  to  the  middle, 
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If  tbe  winding  of  the  spiral  took  place  in  the  direction  of  the 
hand  of  a  watch,  then  the  end  of  it,  where  the  current  enters, 
will  become  a  south  pole ;  but  a  north  pole,  kept  parallel  to 
the  spiral,  xcill  repel  it.  Only  the  final  convolution  will  be  at- 
tracted, and  it  represents  the  disengaged  magnetism  of  the  final 
surface. 

A  second  spiral  is  womid  like  that  described,  only  with  this 
difference,  that  the  strongest  convolutions  are  in  the  middle,  and 
the  feeblest  near  the  ends.  This  spiral  will  be  attracted  by  the 
north  pole  of  a  magnet  over  the  half  in  which  the  current  moves 
at  first,  or  enters,  but  the  other  half  will  be  repulsed  by  it.  The 
third  spiral  has  the  windings  the  same  strength  over  the  whole 
extent :  it  is  indifferent  to  a  magnet  pole,  which  is  not  too  near, 
and  only  the  final  convolutions  are  attracted  or  repulsed. 

Therefore  it  is  permitted  to  enlarge  the  theory  of  Ampere  in 
this  manner: — 

If  an  electric  current  passes  through  a  spiral  in  the  direc- 
tion of  the  hand  of  a  watch,  and 

a.  If  the  current  is  more  feeble  in  every  winding,  as  it  is 
nearer  to  the  centre  of  the  spiral,  then  that  half  is  at- 
tracted by  a  south  pole,  in  which  the  current  enters, 
except  the  first  winding ; 

b.  But  if  the  current  is  stronger  in  eveiy  winding,  as  it  is 
nearer  to  the  centre  of  the  spiral,  then  that  half  is  re- 
pulsed by  a  south  pole,  in  which  the  current  enters,  in- 
cluding the  first  winding. 

The  contrary  will  be  the  case  for  that  half  in  which  the  current 
leaves  the  helix,  and  likewise  for  the  north  pole  of  the  magnet 
opposed. 

With  this  extension  of  the  theory  of  Ampere,  it  is  easy  to 
apply  it  to  the  views  above  brought  forward.  In  the  mole- 
cules of  magnetic  and  diamagnetic  bodies  are  electric  currents. 
By  the  magnetism  they  will  be  in  such  a  way  directed,  that  they 
put  themselves  parallel  to  the  external  acting  currents.  In  the 
diamagnetic  bodies  a  very  great  resistance  is  opposed  to  the 
direction  of  these  currents  of  the  molecules,  therefore  their  in- 
tensity will  decrease  from  the  centre  of  the  excitation.  These 
bodies  will  comply  with  the  opinion  that  is  given  in  a,  they  will 
be  repulsed.  But  in  magnetic  bodies  the  currents  of  the  mo- 
lecules that  are  directed  by  external  influence  act  on  their  part, 
also  directing  the  currents  of  neighbouring  molecules,  and  in 
such  a  manner  that  these  currents  are  the  most  energetic  in  the 
middle  of  the  bar,  but  more  feeble  near  the  ends.  These  bodies 
comply  with  the  view  given  in  b ;  they  wall  be  attracted,  and 
place  themselves  axial. 
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But  I  fear  I  should  tire  you  were  I  to  apply  the  views  I  have 
brought  forward  to  the  different  phsenomena  that  followed  your 
discovery  of  diamagnetism.  The  phsenomena  of  mingled  magnetic 
and  diamagnetic  substances ;  the  predominating  attraction  or 
repulsion  of  the  axis  of  crystals  ;  the  phsenomena  of  the  magne- 
crystallic  axis ;  the  cm-rents  of  induction  that  a  bar  of  bismuth 
gives,  as  shown  by  M.  Weber; — all  these  consequences  follow  of 
themselves  in  a  very  simple  manner. 

I  have  the  honour  to  be,  Sir, 

Your  most  humble  Servant, 

Dr.  VON  Feilitzsch, 
Professor  in  the  University  of  Greifswald. 


IX.  On  the  Vents  of  Hot  Vapour  in  Tuscany,  and  their  Relations 
to  Ancient  Lines  of  Fracture  and  Eruption.  By  Sir  Roderick 
Impey  Murchison,  G.C.St. S.,  F.R.S.,  G.S.,  L.S.,  Hon. 
Mem.  R.S.  Ed.,  R.I.  Ac,  Mem.  Imp.  Ac.  Sc.  St.  Pet.,  Corr. 
Mem.  Ac.  France,  Berlin,  Turin,  (S)T.* 

Introduction. — In  surveying  the  principal  localities  of  those  re- 
markable vents  of  hot  vapour  in  the  Tuscan  Maremma,  called  "  La- 
goni,"  "  Fumacchi,"  "Fumarole,"  "  Soffioni,"  "Mofetti,"  and  even 
"Volcanit,"  I  perceived  that  their  issue  took  place  upon  ancient 
parallel  lines  of  fracture,  along  which  serpentinous  and  other  eruptive 
rocks  had  been  emitted.  As  I  am  not  aware  that  this  coincidence  in 
lines  of  eruption,  acted  upon  at  epochs  so  remote  from  each  other,  has 
been  pre\"iously  adverted  to  in  any  geological  account  of  Tuscany,  T 
will  first  call  attention  to  the  phsenomenon.  I  shall  next  take  this 
opportunity  of  expressing  my  opinion  respecting  the  origin  of  the 
"  gabbro  rosso  "  of  the  Tuscans,  a  rock  intimately  associated  with 
serpentine  ;  and,  after  a  brief  allusion  to  recent  earthquake  shocks 
along  the  same  lines,  the  memoir  will  be  terminated  by  glancing  at 
the  simultaneous  production  of  great  divergent  elevations  in  Ital}'  and 
in  the  Alps,  after  the  deposit  of  the  nummulitic  eocene  formation. 

Hot  vapour  vents. — If  the  intensely  hot  vapour  gusts  which  have 
issued  for  centuries  from  cavities  in  the  rocks  of  the  Tuscan  ]Maremma 
had  been  as  well  known  to  Dante,  as  they  were  to  Targioni  Tozzetti 
their  graphic  describer  in  the  last   century,  the  great  poet  would 

*  We  are  indebted  to  the  Author  and  to  the  Geological  Society  for  permission 
to  reprint  this  highly  interesting  article  from  tlie  Society's  Journal  for  November, 
1850.— Ed. 

t  For  Italian  descriptions  of  the  Lagoni,  see  Gio.  Targioni  Tozzetti,  Viaggi ; 
Repetti,  Dizionario  fisico,  &c.  della  Toscana,  torn.  iii.  p.  3G9  ;  Bartolini,  Atti  del 
Fisico-critici,  torn.  vi.  p.  335  ;  Mascagni,  Commentario  (Siena),  1779  ;  Guerrazzi, 
Contin.  dei  Georgofili,  tom.  ii.  p.  435  ;  and  Repetti,  Dizion.  fisic.  stor.  ec.  della 
Toscana,  torn.  ii.  p.  624,  tom.  iii.  p.  374,  and  Continov.  degli  Atti  dei  Georgofili, 
tom.  xi.  p.  49. 
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surely  have  selected  them  as  a  finer  illustration  of  infernal  agency 
than  the  feeble  "  buUicami  "  of  Viterbo  *.  In  our  own  day  the  chief 
features  of  the  Tuscan  escapes  of  hot  gases  impregnated  with  mineral 
acids  have  already  been  described  by  Mr.  Babbage  in  Murray's 
'  Hand-book  of  Central  Italy,'  and  subsequently  they  have  been 
connected  with  a  geological  sketch  of  other  parts  of  Tuscany  by  Mr. 
W.  J.  Hamilton,  Sec.  G.S.f  In  order,  however,  to  render  my  own 
view  clear,  I  must  offer  a  slight  outline  of  the  chief  phaenomena. 

In  addition  to  other  substances,  the  hot  vapours  of  Tuscany  are 
charged  with  boracic  acid,  known  only  elsewhere  in  the  active  vol- 
cano of  Stromboli.  For  the  extraction  of  this  last-mentioned  substance, 
the  extensive  works  of  M.  Lardarel  have  been  entered  upon  at  the 
following  nine  localities  :  viz.  Lardarello  or  Monte  Cerboli,  Lustig- 
nano,  Monte  Rotondo,  Sasso,  II  Lago,  Castel  Nuovo,  St.  Federigo, 
and  St.  Ippolito.  These  places  are  all  situated  in  that  elevated 
northern  portion  of  the  Tuscan  ]Maremma  which  lies  on  the  left  bank 
of  the  Cecina.  Thence  the  affluents  of  that  river  (the  Pavone, 
Posera,  Trossa,  and  Sterza)  flow  northwards  ;  whilst  the  Cornia  and 
its  feeder  the  Melia  run  down  to  the  Mediterranean  in  a  westerly 
and  southerly  direction.  The  tract,  penetrated  at  intervals  by  the 
hot  gases,  has  a  length  of  about  eight  geographical  miles  from 
N.N.W.  to  S.S.E.,  and  a  breadth  of  about  five  miles  from  W.S.W. 
to  E.N.E.  ;  the  whole  being  comprised  within  43°  8'  and  43°  16' 
N.  lat. 

Subtended  generally  on  the  E.  and  N.  by  the  Cecina,  this  hilly 
tract,  which  is  much  fissured  from  N.  15°  W.  to  S.  1.3°  E.,  is  sepa- 
rated on  the  east  from  the  deep  valley  in  which  that  river  runs  by 
a  lofty  ridge  extending  from  Monte  Castelli  on  the  N.N.W.  to  the 
Gerfalco  momitaiu  on  the  S.S.E. ;  whilst  another  but  lower  ridge 
parallel  to  the  above,  is  seen  upon  the  western  side  of  the  gaseous 
district  passing  from  Monte  Rufoli  to  Lustignano,  whence  it  slopes 
down  to  the  sea-coast  between  Leghorn  and  Piombino.  Tlie  gaseous 
vents  occur  therefore  in  an  elevated  and  broken  trough,  on  lines 
more  or  less  parallel  to  the  older  flanking  ridges.  The  general  cha- 
racter and  age  of  the  sedimentary  deposits  of  this  region  have  been 
recently  explained  by  myself  ;t-  It  is  enough  then,  for  my  present  pur- 
pose, to  state,  that  although  the  adjacent  and  undulating  hills  and 
vallevs  abound  in  marls  and  sands  of  tertiary  subapennine  age,  and 
that  to  the  south  the  lowest  member  of  these  accumulations  is  charged 
with  coal  of  miocene  age,  the  upland  tract  now  under  consideration, 
and  from  which  the  boracic  acid  fumes  issue,  is  chiefly  composed  of 
the  rocks  called  Alberese  and  Macigno.  The  latter  containing  Xum- 
mulites,  represents,  in  my  opinion,  the  eocene,  and  the  former  be- 
longs to  the  cretaceous  system.  Professor  Pilla  enumerates,  indeed, 
cretaceous  fossils  found  in  these  hills,  whilst  the  still  higher  ridge  on 
the   east  of  the  tract  which  terminates  southwards  in  IVIonte  Ger- 

*  See  Lyell's  Principles  of  Geology,  7tli  ed.  p.  243. 

t  Quarterly  Journal  of  the  Geological  Society,  vol.  i.  p.  296. 

X  Ibid.  vol.  V.  p.  276  et  seq. 
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falco,  as  well  as  the  ridges  of  Monte  Calvi  and  Campiglia  on  the  west, 
are  both  of  Jurassic  age,  the  Ainmonites  Conybeari,  Sow.  and  A.  cos- 
tatus,  Schlth.  occurriug  in  them. 

All  these  sedimentary  rocks,  from  the  Jurassic  to  those  of  the  eocene 
group  inclusive,  have  been  penetrated,  and  for  the  most  part  much 
altered,  by  igneous  or  plutonic  rocks,  the  greater  number  of  which 
have  a  serpentinous  character,  their  prevailing  direction  being  equally 
N.W.  and  by  X.,  S.E.  and  by  S.  Upon  entering  tliis  elevated  tract 
from  the  north,  I  found  that  its  chief  town,  Pomarancia*,  was  si- 
tuated on  a  plateau  of  shelly,  tufaceous,  yellowish,  sandy  marlstone 
— in  parts  a  travertine.  This  band  clearly  overlies  the  subapennine 
marls  of  the  adjacent  hills  and  valleys  on  the  north,  in  which  the 
rock  salt  and  springs  of  Yolterra  occur,  and  is  probably  of  the  same 
age  as  the  uppermost  yellow  marine  '  panchiua '  of  Tuscany,  or  as 
the  lacustrine  deposit  in  the  valley  of  the  Elsa,  to  which  I  have  alluded 
in  a  previous  memoir  f. 

The  rock  is  disposed  in  horizontal  masses,  and  denuded  into  abrupt 
escarpments,  which  in  the  middle  ages  formed  the  natural  defences 
of  the  old  feudal  town.  This  tertiary  deposit  occupies  the  tract 
between  the  picturesque  heights  of  Rocca  Sillana  on  the  east,  the 
hot  springs  of  S.  Michele  on  the  west,  and  Monte  Cerboli  on  the 
south,  where  rocks  of  serpentine  and  gabbro  rise  up  through  strata 
of  whitish  grey  alberese  limestone  and  some  contiguous  schists  and 
sandstone.  It  is  near  the  junction  of  the  intrusive  rocks  of  serpen- 
tine with  the  depositary  strata,  which  are  there  much  contorted  and 
broken,  that  certain  hot  sprmgs  appear ;  four  of  which,  at  ^lonte 
Cerboli,  have  recently  been  made  known  and  their  contents  analysed 
by  Professor  Targioui  Tozzetti;;^.  His  observations  and  analysis 
are  of  geological  importance,  inasmuch  as  they  show  that  those 
springs  which  appear  at  mtervals  between  ^lonte  Cerboli  (Mons 
Cerberus  ?)  and  Lardarello,  where  the  vapours  issue,  define  a  line,  as 
he  says,  from  N.  to  S.  (but  accurately  N.  and  by  W.,  S.  and  by 
E.),  and  that  essentially  the  springs  contain,  though  in  different 
proportions  in  each,  the  same  ingredients  as  the  lagoni  or  vapours 
to  the  south  of  them.  Thus,  exclusive  of  organic  and  bitummous 
matter,    all  the   wells    contain    chloride    of   sodium,    carbonate    of 

*  Pomarancia  is  the  chief  residence  of  Count  Lardarel,  the  spirited  and  hospi- 
table  proprietor  of  the  boracic  acid  establishments. 

t  Quart.  Journ.  Geol.  Soc.  Lond.  vol.  v.  p.  294. 

t  Delle  acque-termo  minerali  de  Monte  Cerboli.  Firenze,  1846.  Estratta  della 
Gazzetta  Toscana  delle  Scienze  Medico-fisiche,  An.  4.  2.  1.  In  this  memoir  the 
reader  will  find  indications  that  the  vapours  of  boracic  acid  had  no  issue  in  the 
beginning  of  the  sixteenth  century.  See  also  notice  of  this  tract  by  the  early 
geological  traveller  Targioni  Tozzetti  (Viaggi),  whose  descendant,  the  living  Pro- 
fessor of  Chemistry  in  Florence,  has  also  published  analytical  descriptions  of  the 
waters  of  Mont  Alceto,  Rapolano,  Monte  Catini,  Castrocasa,  Cimiano,  and  Casale. 

Since  writing  the  memoir  I  have  been  informed  by  Dr.  Daubeny  that  the 
boracic  acid  vapours  contain  nitrogen  gas  —  thus  sustaining  his  views  on  the 
origin  of  volcanic  action.  [M.  Payen  in  his  interesting  account  of  the  manufacture 
of  boracic  acid  in  Tuscany  gives  the  following  as  the  composition  of  the  non-con- 
densed gases  in  100  parts  : — carbonic  acid,  57'30  ;  nitrogen,  34'81 ;  oxygen,  6"57  ; 
and  sulphuretted  hydrogen,  1-32. — W.  F.j 
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lime,  tlie  sulpliates  of  lime,  magnesia,  and  alumina,  with  [boracic 
and  siliceous  acids.  All  of  them  arc  charged  A\ith  carbonic  acid  gas, 
and  one  of  them  with  a  minute  portion  of  sulphuric  acid  gas. 

The  spot  now  called  Lardarello,  where  the  new  establishment 
lias  been  built,  is  that  portion  of  the  valley  rising  from  Monte  Cerboli 
and  watered  by  the  Posera  from  whence  the  hot  vapours  escape  by 
orifices,  which,  like  the  mineral  springs,  mark  a  line  from  N.  and  by 
W.  to  S.  and  by  E.  (fig.  1).     The  sides  of  this  valley  consist  chiefly 

Fig.  I.  Larilurello  and  the  Soffioni  seen  from  Monte  Cerboli.    Look- 
ing S.  unci  by  E.,  Lardarello  buildings  seen  one  mile  off'. 


b 

II,  a.  Alberese  and  macigiio.  b.  Gabbro  rosso  and  serpentine. 

of  alberese  limestone  and  schists,  with  some  points  of  protruding 
serpentinous  rocks,  the  lower  slopes  being  partially  covered,  as  far  as 
observation  was  possible,  with  younger  marls.  But  whilst  these  rocks 
flank  the  fissure  on  the  E.  and  W.,  it  is  quite  open,  as  before  said,  to 
Monte  Cerboli  and  its  hot  springs  on  the  N.  and  by  W.  :  it  also  leads 
through  undulating  ground  to  Bagni  a  INIorbo,  about  a  mile  distant 
to  the  S.  and  by  E.,  where  hot  mineral  waters  also  exist.  The  present 
lagoni  are  artificially  formed  on  those  points  where  water  and  earth 
are  applied  to  the  escapes  of  the  intensely  hot  vapours.  Partially 
repressing  the  issue  of  heat,  by  throwing  on  earth  and  clay,  and 
thus  controlling  the  size  of  the  orifices,  human  agency  forms  active 
mud  Aolcanos,  the  number  of  which  and  their  successive  operations 
are  regulated  at  pleasure.  From  the  limited  space  in  this  valley  of 
Lardarello  so  irrigated  and  operated  upon,  various  columns  of  vapour 
are  seen  rising  to  different  altitudes,  at  different  degrees  of  intensity. 
Tliis  perforated  ground  is  in  a  continually  chaotic  state  from  the 
countless  changes  it  undergoes ;  and  its  outlines  are  indeed  so  con- 
stantly varying  by  the  formation  of  fresh  outlets  of  gas,  that  the  tra- 
veller who  should  venture  among  its  mazes  without  an  experienced 
guide  would  be  exposed  to  great  danger.  Even  the  workmen  occasion- 
ally lose  a  leg,  and  sometimes  life,  when  they  incautiously  tread  upon 
a  covering  of  earth  too  thin  to  prevent  their  sinking  into  a  hot  abyss. 
The  orifice  whicii  I  best  examined  was  perfectly  circular,  about  fifteen 
paces  in  diameter,  and  at  the  most  active  moment  of  ebullition.  Throw- 
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ing  up  large  globules  from  its  bubbling  surface,  the  heated  matter  is 
ever  making  au  effort  to  overflow  the  rim  of  the  little  crater  "*".  Where- 
ever  the  subterranean  vapour  escapes  from  a  crack  more  or  less  ver- 
tical, and  which  presents  no  impediment,  the  muddy  liquid  rapidly 
attains  its  maximum  heat,  which  is  so  intense,  that,  as  M.  Lardarel, 
jun.,  iuformed  me,  no  instrument  had  yet  been  made  to  measure 
accurately  the  maximum  heat  beneath  the  surface  f.  It  is  probable 
that  no  active  volcano  exhibits  greater  heat  at  any  point  where  a  test 
can  be  appUed.  Twenty-four  hours  of  this  process  suffice  to  satu- 
rate the  bubbling  mixture  with  boracic  acid,  and  the  stuff  is  then  run 
off  into  flat  cisterns  at  a  lower  level.  The  fluid  is  there  reduced  to  a 
third  of  its  volume  by  evaporation,  hastened  by  the  hot  vapour  being 
conveyed  in  tubes  beneath  the  salt  pans,  and  thus  saving  the  former 
cost  of  a  great  consumption  of  fuel.  After  the  addition  of  soda,  the 
desiccation  proceeds,  and  crystals  of  boracic  acid  are  formed.  The 
violence  with  which  the  hot  gas  issues  from  any  crack,  provided  it 
be  vertical,  is  such,  that  if  stones  of  some  weight  are  thrown  upon  a 
narrow  gush  of  it,  thev  are  heaved  up  several  feet  into  the  air,  and 
heaAy  flagstones  are  required  to  repress  the  eruptive  agent,  and  con- 
duct a  current  of  it  down  to  the  drying  houses  and  pans. 

It  is  highly  interesting  to  compare  the  present  issues  of  the  hot 
gases  and  the  forms  of  the  lagoni,  as  arranged  and  controlled  by  man, 
with  their  natural  appearance  upwards  of  eighty  years  ago,  when  ex- 
amined and  described  by  Targioni  Tozzetti.  The  thick  white  and 
hot  sulphureous  clouds  rising  by  fits  and  starts, — the  occasional  jets 
of  liquid  rising  from  the  boiling  cauldrons, — the  large  and  brilhant 
globules  as  they  burst, — the  circular  shapes  of  the  lagoni, — the  in- 
crustations of  sulphur  on  their  banks, — the  crackling  of  the  Ught, 
pumiceous  and  hollow  gromid  under  foot, — the  conversion  of  the 
contignous  alberese  limestone,  then  considered  a  primarv'  rock,  into 
a  farinaceous  or  mealy  state, — the  fumes  ser\"ing  as  a  true  barometer 
to  the  neighbourhood  J, — the  perfect  salubrity  of  the  spot  to  ani- 
mals, though  plants  are  there  withered  and  blasted  ; — all  these  phee- 
nomena  are  nearly  the  same  now  as  when  our  predecessor  described 
them.  But,  on  the  other  hand,  some  of  the  former  pheenomena  are 
no  longer  recognizable.  There  is  no  more  a  coimtless  number  of 
lagoni.  We  cannot  now,  as  Targioni  did,  look  into  dry  cavities  from 
which  hot  blasts  only  issued,  with  noises  as  if  from  a  himdred  bellows, 
and  distinguish  them  from  those  holes  which  were  then  naturally 
filled  with  boiling  muddy  water,  discharging  gas  ;  for  the  manufac- 

*  In  his  description  of  the  Hawaii  Islands  of  the  Pacific,  Mr.  Dana  accounts  for 
the  absence  of  active  eruption  and  projection  of  materials  into  the  atmosphere, 
by  the  great  dimensions  of  the  chief  crater,  in  which  the  molten  matter  having  a 
very  wide  vent,  undulates  with  little  or  no  noise,  and  quietly  overflows  its  lip  from 
time  to  time. 

t  Targioni  Tozzetti,  the  old  writer,  does  not  pretend  to  have  ascertained  the 
extreme  heat  of  the  vapour ;  but  Professor  Pilla,  on  what  authority  I  know  not, 
places  it  at  140°  Reaumur. 

+  In  rainy  weather,  or  when  change  is  coming  on,  the  vapours  cling  to  the  earth 
with  increased  subterranean  noise,  and  in  settled  fine  weather  they  rise  to.  a  great 
altitude. 
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Fig.  2.   Ground  plan. 


V  I'Michele. 
IMineral  epringi. 
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turcr  now  utilizes  all  the  hot  gas,  and 
by  the  addition  of  water  makes  gaseous 
orifices  into  mud  volcanos.  Nor  can  we 
any  longer  recognize  a  hot  lagone  ap- 
proaching to  the  diameter  of  sixty 
braccie,  which  Targioni  gives  as  the 
maximum  size  ;  still  less  have  we  a 
little  island  floating  in  such  a  hot  lake. 
The  noises  and  reverberations  in  the 
caverns,  which  he  compared  to  the  beat- 
ing of  a  hundred  fulling-mills,  were 
doubtless  much  more  overpowering  for- 
merly than  now,  when  the  apertures 
are  so  much  closed  in,  and  the  issue  so 
regulated.  We  learn,  however,  from  the 
above-mentioned  faithful  historian  two 
points  of  importance  in  the  considera- 
tion of  these  forms  of  volcanic  action  : 
— 1st.  That  although  the  lagoni  were 
then  said  to  be  increasing  in  number, 
one  of  the  orifices,  at  Monte  Cerboli 
and  another  at  Castel  Nuovo,  had  ceased 
to  act  in  his  time.  2ndly.  That  flames 
were  said  to  issue  by  night  *. 

That  a  connection  exists  between  the 
Soffioni  and  the  former  geological  erup- 
tive agency  of  Tuscany  is  apparent,  the 
moment  we  collate  the  present  and  the 
former  phsenomena.  The  inference  is 
indeed  determined  by  an  api)eal  to  the 
very  line  under  consideration  (see  fig.  2). 
Beginning  at  the  north  and  by  west, 
we  see  at  S.  Michele  a  copious  outburst 
of  serpentine  and  gabbro,  and  with  it 
much  contortion  and  rupture  of  the 
contiguous  alberese  limestone;  and  just 
at  this  junction,  the  hot  springs  of  S. 
Michele,  celebrated  for  many  ages  for 
their  medicinal  virtues,  have  their  issue. 
Proceeding  thence  over  undulating 
ground,  for  the  most  part  occupied  by 
tertiary  tufl\,  we  again  find  at  Monte 
Cerboli  (Mons  Cerberus)  on  the  S.  and 
by  E.,  a  like  conjunction  of  similar 
eruptive  rocks  and  dislocated  strata,  and  with  them  the  issue  of  the 
before-mentioned  hot-springs.     Thenceforward  to  the  S.  and  by  E., 

*  Targioni  Tozzetti  quotes  Ugolino  da  Monte  Catini's  description  of  the  fumes 
at  Castel  Nuovo,  near  to  the  baths  of  Bagni  a  Morbo,  and  cites  his  omission  of 
any  allusion  to  those  of  Monte  Cerboli  as  an  indication  that  the  latter  have  burnt 
out  since  that  time. 


Bagni  a  Jlorl 
Mineral  sprint:-' 


a.  a.  Alberese  and  macigno  (cretaceous 
and  eocene). 

b.  b.  Altered  alberese  and  macigno. 

c.  Gabbro  rosso. 

d.  Thermal  springs. 

e.  Lagoni  or  Soffioni. 
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the  connection  alluded  to  becomes  much  more  interesting ;  for,  as 
before  said,  four  hot  springs  boil  up  in  the  same  Imear  direction,  and 
it  is  important  to  remark,  that  of  these,  the  spring  which  is  nearest 
to  the  lagoni  partakes  most  of  their  boracic  character.  In  short,  the 
springs  and  the  Soffioni  charged  with  sulphuric,  carbonic,  and  boracic 
acid,  issue  upon  the  very  same  line  ;  and  in  following  this  line  a  little 
further  to  the  S.  and  by  E.,  we  reach  Bagni  a  Morbo,  where  hot 
sulphureous  springs  issue  from  fissures  in  rocks  similar  to  those  of  S. 
Michele  and  Monte  Cerboli.  Still  further  to  the  S.S.E.  the  boracic 
acid  fumes  reappear  in  a  remarkably  picturesque  cleft  of  the  rocks  of 
macigno,  at  Castel  Niiovo,  where  the  linear  direction  of  the  vents  is 
very  striking*. 

We  have  thus  along  a  distance  of  about  six  or  seven  English  miles 
from  N.  and  by  W.  to  S.  and  by  E.,  the  clearest  possible  evidence 
that  the  present  hot  springs  and  vapours  issue  upon  a  line  of  fissure, 
in  the  alberese  and  macigno  formations,  which  was  formed  in  very  an- 
cient times,  i.  e.,  as  I  believe,  between  the  eocene  and  miocene  periods  ; 
the  production  of  such  fissure  having  been  accompanied  by  the  out- 
burst of  great  bosses  of  serpentine  and  other  plutonic  rocks. 

By  extending  this  observation  I  perceived  that  the  other  •'  Soffioni" 
of  this  tract  exist  under  similar  conditions,  showing  either  the  actual 
outburst  of  hot  springs  and  vapours  along  such  line  of  former  erup- 
tion, or  the  close  parallelism  of  the  two  lines  of  phaenomena.  Thus, 
in  ray  journey  to  the  miocene  coal  tract  of  the  Maremma  before  de- 
scribed f,  I  found  the  little  town  of  Monte  Rotondo  to  be  built  upon 
a  junction  of  serpentine  with  the  sedimentary  strata  it  had  traversed  ; 
and  in  looking  from  that  spot  to  the  N.  and  by  W.,  I  saw  the  va- 
pours of  the  Soflfioni,  which  bear  the  same  name,  issuing,  like  those 
of  Lardarello,  from  a  valley  encased  in  flanking  ridges  of  the  same  hard 
rocks.  Again,  the  sulphureous  lake,  about  two  miles  west  of  Monte 
Rotondo,  having  a  major  ellipse  of  north  and  south,  is  distinctly  a 
prolongation  of  one  of  the  numerous  cracks  extending  thence  to  the 
N.  and  by  W,  towards  Lustignano,  by  which  boracic  acid  escapes. 

In  mentioning  these  "  Soffioni,"  Professor  Pilla^:  has  specially  de- 
scribed those  of  Sasso,  and  although  he  has  not  noted  the  coincidence 
on  which  I  lay  so  much  stress,  any  one  who  refers  to  his  woodcut 
representing  the  issue  at  Sasso,  will  see  that  the  line  of  vapour  issuing 
from  cavities  is  parallel  to  the  main  direction  of  the  encasing  ridges  §. 
Now,  these  ridges  of  alberese  and  macigno  have  either  a  dominant 
direction  from  N.  and  by  W.  to  S.  and  by  E.,  or  are  perforated 
along  such  line  by  the  serpentme,  granitone  (greenstone),  or  other 
eruptive  rocks,  mcluding  gabbro,  to  which  I  shall  afterwards  advert. 
Hence  it  appears,  that  the  ancient  lines  along  which  nature  ex- 
pended some  of  her  grandest  energies  in  this  region,  are  also  those 
along  which  she  stiU  manifests  the  present  escape  of  hot  springs  and 

*  This  is  well  described  by  Targioni  Tozzetti. 

f  See  Quart.  Journ.  Geol.  Soc.  vol.  v.  p.  292. 

X  Trattato  di  Geologia,  p.  282.     Pisa,  1847. 

§  I  cannot  but  express  a  hope  that  Mr.  Babbage  will  at  some  time  give  to  the 
public  a  copy  of  the  suggestions  he  furnished  to  the  Grand  Duke  of  Tuscany,  for 
the  extension  of  the  useful  employment  of  these  hot  gases,  which  might  thus  sene 
to  convert  a  barren  tract  into  a  wealthy  manufacturing  district. 
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gases.  Again,  these  hot  gases  still  produce,  though  on  a  small  scale, 
those  conversions  or  mctamorphisms  of  the  strata  on  the  sides  of  their 
escape,  which  the  geologist  can  well  understand  to  have  operated  more 
largely  and  powerfully  at  that  period  when  great  masses  of  serpentine 
and  other  igneous  rocks  were  evolved  (or  strove  to  be  evolved)  under 
enormous  pressure,  through  the  younger  secondary  and  oldest  ter- 
tiary deposits.  At  Lardarello,  for  example,  small  portions  of  the  ordi- 
nary alberese  limestone  have  been  and  are  still  converted  into  sulphate 
of  lime  by  the  action  of  sulphuric  acid  fumes  ;  and  the  schistose 
calcareous  shale  is  baked  by  the  intense  heat  into  brittle  porcelain 
rock  of  a  red  colour.  But  I  would  here  observe,  that  in  these  recent 
and  partial  metamorphoses  by  natural  causes,  as  in  those  of  ancient 
date,  traces  of  the  original  lamination  or  stratification  are  nearly 
always  perceptible  in  the  lumps  or  masses  so  affected  or  altered. 

Gabbro  Rosso. — The  last  observation  leads  me  to  offer  some  re- 
marks on  the  nature  and  origin  of  the  "  gabbro  rosso  "  of  the  Tus- 
cans ;  for  after  an  attentive  examination  of  this  rock  throughout  the 
tract  immediately  to  the  north  of  the  boracic  acid  country,  I  feel 
compelled  to  express  my  dissent  from  the  opinion  of  Professor 
Paul  Savi,  in  which  my  friend  INIr.  W.  J.  Hamilton  in  his  descrip- 
tion of  the  geology  of  Tuscany  has  coincided.  The  chief  masses  of 
"gabbro  rosso  "  lie  in  the  tract  south  of  Pisa,  and  east  and  south- 
east of  Leghorn,  which  is  bounded  on  the  north  by  the  valley  of  the 
Aruo,  and  on  the  south  by  that  of  the  river  Cecina.  The  varieties  of 
this  rock  are  instructively  exhibited  in  the  ridges  of  alberese  and 
macigno,  which  form  the  east  and  west  sides  of  a  longitudinal  de- 
pression occupied  by  subapennine  marls,  that  extend  from  CoUe 
Salveti  near  the  Pisan  valley  on  the  N.  and  by  W.,  to  the  valley  of 
the  Cecina  on  the  S.  and  by  E.  The  direct  road  from  Pisa  to  the 
JNIaremma  is  conducted  along  this  depression.  The  westernmost  of 
these  ridges,  which  forms  the  bold  coast,  south  of  Leghorn,  containing 
much  grauitone,  serpentine,  and  other  varieties  of  eruptive  rock,  also 
exhibits,  particularly  along  its  eastern  face,  a  good  deal  of  the  "  gab- 
bro rosso,"  which,  as  Professor  Pilla  informed  me,  obtained  this 
name  from  the  village  of  "  Gabbro,"  a  few  miles  south-east  of  Leg- 
horn, which  is  built  on  the  summit  of  a  conical  hill  composed  of 
such  rocks; — I  say  rocks  called  "gabbro,"  becavise  it  will  be  pre- 
sently showTi,  that  two  rocks  of  entirely  different  origin  have  been 
united  under  this  one  name. 

The  eastern  or  inland  ridge  rises  boldly  up  into  the  mountains 
which  proceed  from  the  north  of  Monte  Vaso  to  Castelhna  Marit- 
tima  on  the  south,  and  it  is  in  reference  to  this  group  of  hills,  on  the 
eastern  part  of  which  jMonte  Catini  is  situated,  that  I  specially  call 
attention,  as  it  affords  ample  materials  for  settling  the  question  which 
has  arisen  between  Professor  P.  Savi  and  Mr.  W.  J.  Hamilton  on  the 
one  hand,  and  the  late  Professor  Leopoldo  Pilla  and  myself  on  the 
other.  The  two  former  have  endeavoured  to  show,  that  whether  in  its 
globular  and  amorphous  form,  or  in  its  thin-bedded  state*,  the  rocks 
they  call  "  gabbro  rosso  "  are  metamorphic ;  whilst  Professor  Pilla 

*  See  Mr.  Hamilton's  translation  of  Sa\i's  description,  Quart.  Journ.  Geol.  Soc. 
vol.  i.  p.  288. 
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and  myself  contend,  that  the  amorphous,  variohtic  gabbro  must  have 
been  erupted  in  a  molten  state,  whether  we  consider  its  composition 
and  unbedded  condition,  or  the  part  it  has  played  in  protruding 
through,  overturning,  breaking,  and  altering  the  pre-existing  strata. 
And  although  my  deceased  friend  Pilla  has  to  a  certain  extent  pub- 
lished this  opinion,  he  has  not  sufficiently  illustrated  his  views,  and  I 
am  therefore  the  more  anxious  to  do  him  justice,  and  to  adduce  some 
of  the  reasons  he  assigned  when  we  visited  the  tract  together.  The 
opinion  of  an  attentive  and  lively  observer  of  igneous  action  like  Pilla, 
a  Neapolitan  by  birth,  who  during  many  years  was  occupied  in  exa- 
mining Vesuvius,  is  surely  entitled  to  much  consideration  in  deter- 
mining such  a  question ;  even  had  not  the  physical  and  geological 
relations  of  the  phsenomenon  seemed  p.      „ 

to  me  quite  conclusive.  Between 
Castel  Anselmo  and  Civita  Castel- 
lina  1  inspected  natural  sections,  of 
one  of  which  I  here  give  a  sketch 

(see  fig.    3),    where  the    gabbro    had     ">  «•  Alberese.  b.  Gabbro  rosso. 

not  only  penetrated  the  alberese  limestone,  but  had  thrown  it  off  in 
shreds,  contorted  fragments,  and  folds  on  the  sides  of  the  eruption. 
Now,  the  red  gabbro  which  had  manifestly  thus  acted  was  entirely 
an  unbedded,  amorphous,  felspathic  mass,  for  the  most  part  made 
up  of  spheroidal  concretions  having  a  variolitic  structure,  i.  e.  with 
small  pustular  or  globular  surfaces  in  each  of  the  folds  or  concentric 
layers  into  which  the  large  nodules  exfoliate.  This  variolitic  surface 
was  specially  pointed  out  to  me  by  Pilla  as  a  proof  of  the  rock  having 
been  in  complete  fusion  ;  inasmuch  as  the  same  forms  occur  frequently 
in  ancient  plutouic  rocks  and  in  the  modern  volcanic  products  of 
A^esuvius.  The  rock  is,  besides,  often  cellular  and  amygdaloidal  as 
well  as  veined,  hke  some  of  our  earthy  Scottish  traps,  occasionally 
containing  crystals  of  carbonate  of  lime,  analcime,  and  also  the  pe- 
culiar mineral  caporcianite,  a  variety  of  stilbite.  Chemically  con- 
sidered, this  rock  is  little  else  than  a  variety  of  greenstone.  In  other 
words,  it  is  one  of  those  products,  accompanying  greenstone  and 
serpentine,  which  has  been  much  impregnated  by  iron,  and  which 
under  the  blowpipe  melts  as  easily  as  wax.  This  is  the  "gabbro  rosso," 
which  I  consider  to  be  a  true  eruptive  rock,  and  which  rises  up  into  an 

Fie.  4. 


d  b 

a.  Alberese.  i.  Alberese  with  mineral  veins.  /?,  c.  Gabbro  rosso 

d.  Miocene  ?  with  alabaster.  e,  e.  Subapennine. 

amorphous  mountain  mass  (c)at  Civita  Castellina,  where  it  performs, 
as  above  mentioned,  the  part  of  an  intrusive  agent.  It  there  throws 
off  on  its  eastern  summit  the  alberese  limestone  («),  but  also  seems  to 
overlap  other  masses  of  the  same  (b)  which  are  in  a  highly  fractured 
and  mineralized  condition,  as  seen  in  fig.  4.   From  the  natural  section 
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here  exhibited,  it  is  certain  that  this  eruption  of  "gabbro  "  took  place 
after  the  consohdation  of  the  alberese  and  macigno  formations,  i.  e. 
after  the  j-ounger  chalk  and  older  eocene.  It  is  also  further  evident 
that  another  movement  of  elevation  occurred  after  the  miocene  pe- 
riod ;  for  not  only  is  the  limestone  associated  wth  white  marls  (</)  to  a 
great  extent  loaded  with  alabaster,  which  some  persons  might  infer 
was  altered  limestone,  but  the  whole  of  this  mass  has  been  considered 
to  be  miocene,  simply  because  it  dips  away  from  the  alberese  and 
gabbro  in  inclined  strata,  and  is  thus  ])laced  in  striking  contrast  with 
the  subapennine  or  pliocene  marls  of  the  valley  {e)  which  surround 
a  boss  of  "  gabbro  rosso"  in  perfectly  horizontal  and  unbroken  layers. 
The  altered  alberese  at  Cinta  Castellina  has  here  and  there  serpen- 
tinous  soft  bands,  and  bears  a  metamorphic  aspect,  with  a  slickenside 
surface,  accompanied  by  cracks  and  numerous  veins  of  arragonite,  all 
of  which  specially  abound  near  the  junction  of  the  alberese  with  the 
"gabbro."  Copper  veins,  however,  either  traverse  the  alberese  or 
run  down  its  junction  with  the  gabbro ;  and  are  therefore  of  date 
posterior  to  the  eruption  of  the  latter.  It  is  indeed  the  opinion  of 
Pilla,  that  the  copper  veins  have  resulted  from  the  same  igneous  action 
which  evolved  the  "gabbro  rosso,"  and  are  contemporaneous  with 
that  rock,  whilst  other  authors  contend  that  they  are  posterior  to  it. 
In  traversing  on  foot  the  wild  ridges  which  separate  Civita  Castellina 
from  Monte  Catini,  where  the  richest  copper  ores  abound,  I  witnessed 
repetitions  of  the  chief  phfenomena  above  alluded  to,  in  which,  be- 
sides "gabbro  rosso"  and  felspathic  trap  (the  epidosite  of  Pilla), 
there  were  other  rocks  of  this  class  both  of  greenish  and  purple  co- 
lours, which  I  should  class  as  greenstone  and  serpentine.  All  these 
amorphous  masses,  however  diversified  in  aspect  and  structure,  seemed 
to  me  to  form  parts  of  the  same  eruptive  matter  which  has  pene- 
trated the  macigno  and  alberese  in  lines  from  N.N.W.  to  S.S.E. 

At  Monte  Catini,  where  Mr.  Hamilton  seems  to  have  most  studied 
it,  the  gabbro  rosso  appears  in  a  bold  promontory  fronting  the  valley 
of  the  Cecina  on  the  south,  and  Volterra  on  the  east.  The  chief 
mass  is  here  the  same  amorphous  spheroidal  variolite  as  in  other 
places.  Partially,  indeed,  it  assumes  still  more  a  serpentinous  ap- 
pearance ;  the  dull  red  globular  lumps  and  spheroids  being  often 
enveloped  in  greenish  coatings.  It  is  not  my  province  to  allude  to 
the  splendid  veinstones  of  copper*,  occasionally  quartzose,  which 
ramify  along  its  edges  or  throngh  this  "  gabbro."  I  content  myself 
with  saying,  in  reference  to  the  point  at  issue,  that  in  numerous 
galleries  and  cuttings  the  clearest  proofs  are  exhibited  of  the  homo- 
geneity of  structure  of  the  amorphous  gabbro,  and  of  the  total  ab- 
sence of  anything  in  it  like  original  aqueous  deposit.  In  this  respect 
it  bears  no  resemblance  to  any  other  metamorphosed  stratum  which 
ever  fell  under  my  notice.  The  variolitic  arrangement  of  the  sphe- 
roids is  very  striking.  On  exfoliation  they  exhibit  the  pustules  be- 
fore alluded  to  on  the  external  surface  only  of  each  concentric  fold, 

*  As  a  wayfaring  geologist,  I  was  most  hospitably  received  at  his  villa  by  Mr. 
Sloane,  the  intelligent  proprietor  of  the  copper  mines  of  Monte  Catini.  The  ore 
is  very  peculiarly  diffused  and  merits  a  special  study. 
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and  they  fall  to  pieces  exactly  like  "basalte  en  boule."  But  besides 
this  rock,  which  is  the  "  gabbro  "  proper,  and  plays  the  same  part  in 
relation  to  the  sedimentary  strata  as  the  granitoue  and  serpentine  and 
other  adjacent  rocks  of  a  similar  origin,  there  is  a  rock  also  called 
"gabbro  rosso  "  by  Savi  and  Hamilton,  which  abounds  on  the  eastern 
flank  of  Monte  Catini  and  other  places,  which  is  not  only  totally  dis- 
similar in  composition  and  form  from  that  which  has  been  described, 
but  which  I  admit  is  clearly  a  metamorphosed  stratum. 

This  is  a  jaspidified  red  and  green  calcareous  schist,  marked  by 
numerous  thin  laminae  of  deposit,  which  is  evidently  nothing  more 
than  the  argillo-calcareous  portion  of  the  alberese  or  macigno  forma- 
tions, which  happened  to  be  contiguous  to  the  true  gabbro  when  the 
latter  was  erupted.  For  it  is  plain  that  the  amorphous  gabbro  (as 
seen  m  a  very  clear  natural  section)  has  t\\isted  back  these  finely 
laminated  jaspideous  strata  jj^^^g 
upon  themselves  at  a  point  of  catini.  Tig-  5. 

eruption,  as  seen  ui  fig.  5. 
That  in  perforating,  bending 
back,  mdurating,  and  disloca- 
ting the  schist,  the  intrusive 
matter  should  have  communi- 
cated its  colour,  and  to  some 

extent  its  mineral  composition,    "•  Gabbro  rosso,    i.  Altered  red  schist,    c.  Alberese. 

to  the  argillaceous  and  calcareous  strata  thus  affected  by  it,  is  nothing 
more  than  must  be  looked  for,  and  is  indeed  frequently  found  to  be  the 
case  imder  similar  geological  conditions.  This  appearance  of  transi- 
tion, from  what  must  be  granted  to  be  true  altered  sedimentary  layers 
into  the  amorphous  spheroidal  "  gabbro,"  has  led  Savi  and  Hamilton 
to  think  that  the  spheroidal  red  gabbro  is  simply  a  still  more  highly 
fused  or  altered  accumulation  of  the  same  aqueous  matrix,  ^yhen, 
however,  we  recede  from  the  immediate  point  of  contact,  we  have 
not  only  very  different  forms  in  the  matrices  of  the  altered  and  the 
eruptive  rocks,  but  an  essential  difference  of  composition  and  struc- 
ture. Pilla  has  indeed  cited  instances  just  as  notable  of  the  conver- 
sion or  metamorphosis  of  the  strata  by  gabbro  rosso,  as  by  granitic, 
pyroxenic,  and  porphyritic  rocks*.  One  of  those  examples  is  seen 
in  the  spot  called  Botro  del  Ribuio  near  Serazzano,  where  the  sphe- 
roidal "gabbro  rosso"  has  thrown  the  strata  of  macigno  into  a 
vertical  position,  and  has  changed  them  into  jaspers  of  blood-red 
colour,  tughly  charged  with  silex  and  oxide  of  ironf. 

If,  indeed,  the  argument  about  transitions  from  the  rock  which  has 
been  the  agent  of  alteration  into  the  strata  which  are  altered,  be  ad- 
mitted, we  must  re- open  elementary  questions  in  the  physics  of  geo- 

*  In  his  '  Richezza  Minerale  della  Toscana,'  Pilla  unites  the  "gabbro  rosso" 
with  the  other  ophiolitic  or  serpentine  rocks,  which  having  acted  as  partial  cen- 
tres of  elevation  and  eruption,  rise  up  as  conical,  elongated,  and  rugged  mounts 
detached  from  one  another  (p.  39).  He  describes  the  copper  of  Monte  Catini  as 
lying  in  a  true  vein,  which  has  the  peculiarity  of  being  contemporaneous  with  the 
associated  gabbro,  both  of  which  are  posterior  to  the  sediraentan-  strata  (p  40) 

t  Trattato  di  Geologia,  Part  I.  p.  510. 
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logy  which  I  supposed  wore  long  ago  set  at  rest.  We  may  in  that 
way  be  led  to  abandon  many  conclusions  at  which  we  had  arrived,  in 
refuting  the  doctrine  respecting  certain  rocks  of  Cornwall,  Norway, 
and  other  tracts  which  were  believed  by  some  authors  to  prove  trans- 
itions from  granites  to  slates,  and  thus  to  indicate  a  common  origin 
of  these  two  classes  of  rock  !  If  this  method  of  reasoning  be  again 
entertained  (as  it  seems  to  me  it  is  by  M.  Savi),  then  many  of  the 
inferences  which  geologists  have  drawn  concerning  the  posterior  in- 
trusion of  granite  and  other  igneous  rocks  amid  depositary  strata 
will  be  invaUdated.  For,  although  there  are  numerous  examples  of 
such  phaenomena,  which  no  sceptic  can  assail,  still  there  are  frequent 
cases  where  it  is  impossible  to  define  the  precise  limit  between  the 
erupted  molten  matter  and  the  altered  rock.  It  is  indeed  in  the  very 
nature  of  the  phsenomenon  that  such  should  hajipcn,  and  the  time  of 
practical  geologists  can  be  better  employed  than  in  disputing  upon 
such  points.  Some  persons  may  indeed  argue,  that  many  varieties 
of  traps  and  amygdaloids  were  to  a  great  extent  evolved  from  the 
meltiug  of  the  pre-existing  strata  in  the  crust  of  the  globe,  and  I  am 
quite  ready  to  admit  that  such  may  have  been  the  case.  But  this 
admission  by  no  means  removes  them  from  that  class  of  true  erup- 
tive rocks  which,  in  the  eye  of  the  geologist,  have  acted  mechanically 
and  chemically  upon  the  strata  they  have  penetrated ;  for  even  some 
of  the  lavas  of  Vesuvius  may  be,  in  great  part,  fused  and  melted 
materials,  formerly  accumulated  as  marine  sediment,  which  have 
been  transmuted  by  intense  heat  under  pressure.  The  practical  point, 
therefore,  for  which  I  contend  is,  that  the  amorphous  and  sphe- 
roidal "  gabbro  rosso"  of  the  Tuscans  is  from  its  composition,  and 
still  more  from  the  geological  part  it  has  pUnjed,  a  true  plutonic  and 
eruptive  rock  ;  whilst  the  red  jaspidified  schists,  which  have  been 
also  termed  "gabbro,"  are  nothing  more  than  sedimentary  strata 
altered  by  the  heat  attending  the  eruption  of  the  adjacent  masses. 

Lines  of  former  and  present  distnrljance. — As  it  is  along  the 
lines  of  eruption  of  the  serpentines,  greenstones,  and  gabbro,  i.  e. 
from  N.  and  by  W.  to  S.  and  by  E.,  that  nature  has  been  repeatedly 
labouring  to  evolve  heat  in  the  west  of  Tuscany,  so  also  have  the  se- 
condary rocks  been  alineated  and  altered  in  this  direction.  It  is  on 
the  same  line  that  the  granitic  rocks  of  Piombino  have  subsequently 
uprisen,  the  average  direction  of  the  whole  of  the  coast  of  this  part 
of  Italy  being  parallel  to  it*. 

Further,  it  is  on  this  line  that  the  various  Soffioni  or  vapour  vol- 
canos  issue,  and  that  earthquakes  still  most  affect  the  surface.  Those 
who  would  wish  fully  to  comprehend  the  pheenomena  attendant  upon 
the  earthquake  which  last  agitated  the  west  of  Tuscany,  and  parti- 
cularly the  tracts  south  of  Pisa,  should  consult  the  descriptions  of 
Professors  Savi  and  Pilla.  In  accompanying  the  latter  from  Pisa 
to  Civita  Castellina,  and  in  thus  passing  from  N.N.W.  to  S.S.E. 
along  the  depression  in  the  subapennine  marls,  which  lies  between 

*  Pareto,  Pilla,  and  the  Italian  authors  show  that  the  granite  of  Piombino  and 
Elba  cuts  through  the  serpentine. 
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the  ridges  above  described  as  penetrated  by  serpentine,  gabbro,  and 
other  eruptive  rocks,  I  was  struck  mth  the  fact,  that  the  most  pow- 
erful vibratory  disturbance  occurred  in  the  low  hills  and  hillocks  of 
incoherent  materials  along  this  very  line.  The  shocks  from  north 
to  south  being  most  powerful  in  this  parallel  of  longitude,  it  was  na- 
tural that  they  shoiild  produce  the  most  disastrous  effect  in  that 
portion  of  the  tract  where  edifices  were  placed  on  slightly  coherent 
marl  that  rises  mto  hillocks  void  of  lateral  support.  The  buildings 
which  rested  on  the  adjacent  harder  rocks  of  alberese,  gabbro,  ser- 
pentine, and  greenstone  were  comparatively  unaffected,  whilst  those 
which  stood  on  marl  had  fallen  or  were  much  shattered.  It  is  fur- 
ther worthy  of  notice,  that  in  the  deepest  denudations  amongst  the 
hillocks  of  marl,  particularly  near  Lorenzana,  where  the  earth  opened 
into  chasms,  subterraneous  waters  which  had  been  hitherto  impri- 
soned rose  suddenly  to  the  surface ;  just  as  if  artesian  wells  had 
been  smik,  and  that  the  overlying  crust  of  a  basin  had  been  broken 
through.  Spouting  forth  sand  and  mud,  these  jets  of  water  so  threw 
out  solid  contents,  that  when  dried  up  they  resembled  so  many 
molehills  with  radii ;  the  centre  or  box  of  each  wheel-shaped  body 
being  composed  of  concentrically  laminated  sands,  marking  the  point 
at  which  the  water  issued.  These  appearances  not  only  served  to 
explain  the  origin  of  the  larger  muddy  bosses  of  similar  form, 
common  in  the  incoherent  subsoils  of  Calabria,  which  have  been  so 
frequently  subject  to  great  earthquakes,  but  may  also  be  viewed  as 
another  link  which  connects  the  present  small  disturbances  of  the 
surface,  wath  the  former  powerful  subterranean  energy  proceeding 
from  igneous  and  gaseous  development  we  have  been  considering. 

Thus,  in  reference  to  my  preceding  memoirs  and  in  reasoning  by 
analogy,  we  are  led  to  infer,  that  the  great  evolution  of  molten  mat- 
ter in  former  or  plutonic  times,  accompanied  by  so  much  heat  and 
its  gaseous  attendants  as  to  metamorphose  whole  mountain  chains, 
was  succeeded,  as  the  bottoms  of  the  sea  rose,  by  a  considerable  dif- 
fusion of  volcanic  materials,  chiefly  of  subaqueous  origin,  but  in  part 
siibaerial ;  and  that,  finally,  the  lands  assuming  their  present  rela- 
tions to  the  sea,  the  extension  of  molten  matter  has  been  confined 
to  a  very  limited  number  of  fissures  or  vents  of  eruption,  many  of 
which  have  become  extinct  with  the  lapse  of  time.  A  portion,  how- 
ever, of  these  eruptions  in  Europe  is  still  in  continuous  activity, 
whether  emitting  solid  matter,  as  at  Stromboli,  or  hot  springs  and 
vapours,  as  in  the  Tuscan  Soffioni ;  whilst  another  portion  is  inter- 
mittent, as  viewed  in  the  paroxysmal  outpourings  of  Etna  and  Vesu- 
vius, the  occasional  formation  of  small  new  cones  and  craters  under 
the  waters  of  the  INIediterranean,  and  the  fitfid  lines  of  earthquake 
shocks  Tvith  their  accompanying  outbursts  of  water. 

In  viewing  the  intimate  connexion  between  all  these  phaenomena, 
and  in  lookmg  to  the  powers  of  the  Soffioni  of  Tuscany,  we  might 
perhaps  infer,  that  if  these  gusts  of  heat  were  entirely  repressed  by 
closing  up  the  orifices  through  which  they  now  escape,  earthquakes 
to  some  slight  extent  might  be  expected  still  more  to  prevail  in  the 
neighbourhood,  until  the  expansive  forces  were  liberated  ;  just  as  the 
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most  calamitous  shocks  in  Sicily  and  Calabria  have  occurred  wlien 
Etna  has  been  most  dormant.  Putting  aside  this  speculation,  the 
hot  vapours  may  unquestionably  be  viewed  as  the  remains  of  a 
former  igneous  action,  which  I  believe  to  have  been  incalculably  more 
powerful,  not  only  because  it  is  on  the  same  band  or  its  subordinate 
parallels  that  the  copious  masses  of  plutonic  rocks  of  this  tract  and 
the  adjacent  mineralized  strata  occur,  but  because  this  line  is  abso- 
lutely coincident  with  the  axis  of  the  Carrara  and  other  marbles  and 
their  associated  slates  and  crj^stalline  rocks  of  the  Apuan  Alps. 
Now,  as  those  lofty  masses  or  western  Apennines,  together  with  their 
lower  parallels  in  the  Gulf  of  La  Spezia,  have  been  shown  to  be  sim- 
ply altered  strata  of  Jurassic  age*  ;  so  in  extending  our  observation  in 
the  same  line  further  to  the  N.  and  by  W.,  we  find  that  serpen- 
tinous  rocks  have  there,  as  m  the  Tuscan  !Maremma,  burst  through 
alberese  and  macigno  and  in  much  greater  volume.  In  truth,  the 
copious  serpentines  and  their  accompaniments  in  and  around  the 
territory  of  Genoa,  have  converted  the  cretaceous  strata  into  rocks 
having  all  the  appearance  of  palaeozoic  slates  and  flagstones.  Other 
and  posterior  movements  have  there  also  affected,  though  for  the 
most  part  mechanically,  the  contiguous  conglomerates  and  sandstones 
of  miocene  age,  which  on  the  sides  of  the  pass  leading  from  Genoa 
to  Alexandria  occupy  very  highly  inclined  positions.  The  phse- 
nomena  in  the  Genovesato  and  Piedmont,  like  those  in  the  Tuscan 
Maremmaf,  indicate  that  such  beds  of  the  middle  tertiary  age, 
whether  marine  or  freshwater,  have  been  dislocated  along  those  Hues 
of  disturbance,  which  at  an  antecedent  period  had  been  marked  by 
the  protrusion  of  the  serpentinous  rocks  in  a  molten  state.  In  other 
words,  it  was  by  the  post-eocene  eruption,  that  the  great  metamor- 
phosis of  the  pre-existing  strata  was  caused.  A  long  period  of  com- 
parative repose  followed,  one  of  the  earliest  operations  of  which  was 
the  accumulation  of  miocene  conglomerates,  for  the  most  part  made 
up  of  strata  previously  altered  by  the  serpentine  eruptions  ;  as  seen 
in  the  hills  north  of  Genoa  and  Savona  on  the  one  hand,  or  in  the 
Monferrato  (Superga)  on  the  other.  Another  powerful  disturbance 
subsequently  took  place,  when  these  miocene  beds  were  thro^^^l  upon 
their  edges,  or  were  fractured  and  highly  inclined  along  the  same 
general  Unes  of  fissure,  which  had  been  marked  by  a  more  intensely 
igneous  activity  in  the  previous  or  serpentine  period. 

Although  the  phsenomena  chiefly  treated  of  in  this  memoir  have 
reference  to  a  great  band  of  disturbance  proceeding  on  the  whole  from 
N.N.W.  to  S.S.E.  along  a  length  of  about  100  miles  and  a  breadth 
of  about  2.5  miles,  a  glance  at  the  geological  map  of  Italy  by  Col- 
leguo,  combined  with  my  knowledge  of  the  country,  has  led  me  to 
think,  that  whilst  this  line  of  eruption  contains  within  itself  minor 
parallels,  there  are  other  and  divergent  lines,  along  which  similar 
strata  have  been  affected  by  the  same  eruptive  rocks.  The  country 
of  North-western  Italy,  which  comprehends  the  Genovesato  and  the 

*  See  Quart.  Joiirn.  Geol.  Soc.  vol.  v.  p.  2G6  at  seq. 

t  See  former  Memoir  and  Section  Quait.  Journ.  Geol.  Soc  vol.  v.  p.  283  to  292. 
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north  of  Parma,  seems  to  have  been  the  grand  centre  of  serpentine 
eruption,  from  whence  such  hues  radiate,  as  marked  bv  the  protru- 
sion at  intervals  of  igneous  rocks  and  the  bands  of  metamorphosed 
strata  A\hich  constitute  the  loftiest  ridges  of  Italy  (see  fig.  6,  p.  67). 
In  this  way,  the  serpentine  bosses  of  the  Apennines,  between  Bologna 
and  Florence,  that  trend  from  N.W.  to  S.E. — i.  e.  from  the  region 
of  chief  eruption— though  divergent  tVom  the  line  of  the  Apuan  Alps,^ 
and  Tuscan  Maremma,  are  exactly  coincident  with  the  major  axis  of 
the  Apennines  or  great  back-bone  of  Italy,  the  culminating  points 
of  which,  as  at  the"  Gran  Sasso  d' Italia,  9ii30  feet  above  the  sea,  are 
composed  of  eocene  (nummulitic)  and  cretaceous  rocks  reposing  on 
Jurassic. 

Again,  if  we  turn  from  the  east  and  look  to  the  other  great  band 
of  eruption  to  the  west  of  the  coast  of  Italy,  as  marked  by  serpentines 
protruding  through  the  cretaceous  and  eocene  deposits  of  Corsica, 
we  see  (as  graphically  laid  down  by  Pareto*)  that  it  marks  nearly 
a  meridian  line.  Looking  then  at  Italy  on  the  great  scale,  the  geo- 
logist may,  I  think,  satisfactorily  connect  its  dominant  physicrd  fea- 
tures with  former  causes  of  upheaval.  He  sees  that,  as  it  is  in  the 
highly  convulsed  and  brokeu-up  region  where  the  Apennines  bend 
round  to  become  confluent  with  the  Alps,  the  greatest  masses  of 
serpentine  have  been  emitted,  so,  exploring  southwards  from  this 
grand  focus,  he  observes  that  bands  of  the  satne  molten  matter 
have  been  intruded  into  divergent  cracks  and  fissures  in  the  cru^t 
of  the  earth,  and  extend  in  long  linear  directions  to  the  S.E.,  S.S.E., 
and  S.  Geological  investigation  establishes,  indeed,  not  only  this 
fact,  but  also  the  important  point,  that  such  igneous  matter  was 
simultaneously  emitted ;  since  it  has  alone  broken  through  and  me- 
tamorphosed sedimentary  strata  of  the  same  age  through  several  de- 
grees of  latitude.  Now,  as  few  parts  of  Italy  contain  strata  of  higher 
antiquity  than  liasso-jurassic,  and  as  there  is  no  evidence  that  its 
submarine  accumulations  had  ever  been  raised  into  dry  land  before 
the  cretaceous  and  nummulitic  rocks  were  accumulated  upon  them, 
we  have  a  fair  right  to  infer,  that  the  linear  eruptions  of  serpentine 
and  their  accompaniments  of  gas  and  heat,  absolutely  furnished  the 
Peninsula  with  those  chains  of  hard  and  altered  strata  (each  coi> 
taining  subordinate  parallels)  whose  features  and  contents  have  been 
described  on  a  previous  occasion.  In  short,  there  is  no  reason  to 
believe,  that  Italy  had  any  well-defined  terrestrial  existence  until  the 
period  of  the  post-eocene  serpentinous  enxptions.  As  Corsica,  how- 
ever, is  only  the  northern  prolongation  of  Sardinia  which  contains 
Silurian  fossils,  and  as  both  islands  are  characterized  by  a  meridian 
chain  of  ancient  crystalline  rocks,  it  is  clear  that  a  very  ancient  mass 
of  land  ranged  in  that  direction,  as  further  proved  by  its  old  cry- 
stalline and  Silurian  rocks  being  overlaid  by  palaeozoic  coal  plants 

*  The  reader  who  wishes  to  become  acquainted  witli  the  various  lithological 
characters  of  the  rocks  classed  under  the  head  of  Serpentine,  and  which  were  all 
emitted  at  the  post-nummulitic  period,  must  consult  the  works  of  Pareto  on  Li- 
guria  Marittima,  and  on  Corsica,  both  illustrated  by  excellent  geological  maps. 
Although  the  Marquis  Pareto,  following  ])receding  authorities,  has  classed  the 
nummulite  limestone  with  the  chalk,  1  trust  lie  will  now  agree  with  me. 
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and  a  coal  formation*.  It  is  certain,  therefore,  that  the  serpentinons 
eruption  there  found  its  issue  along  a  line  of  fracture  coincident  with 
the  north  and  south  direction  which  had  heen  impressed  u})on  these 
lands  at  a  veiy  remote  period — such  eruption,  though  divergent  from 
them,  being  simultaneous  with  the  chief  axes  of  upheaval  in  Italy. 

In  speaking  of  divergent  lines  of  fracture  and  elevation,  which 
offer  proofs  of  simultaneous  eruption  and  dislocation,  I  am  led  to 
terminate  mv  communications  on  the  Alps  and  Ajiemiiues,  by  calluig 
attention  to  the  great  phsenomena  which  are  common  to  these  two 
chains  and  at  the  same  time  distinguish  them.  To  render  my  idea 
clear  I  have  annexed  the  accompanying  diagram,  fig.  G.  Whilst  the 
direction  of  the  chief  ridges  of  Italy  is  more  or  less  at  right  angles 
to  the  main  direction  of  the  Alps,  we  know  that  the  greatest  amount 
of  nietamorphism  has  been  impressed  on  both  chains  after  the  num- 
mulitic  period  ;  and  again,  that  in  both  very  violent  movements 
took  place  after  the  deposition  of  the  miocene  tertiary.  In  the  chief 
range  of  the  Swiss  and  Austrian  Alps,  the  greatest  changes  of  nie- 
tamorphism, elevation,  depression,  and  contortion  have  been  deter- 
mined upon  luies  having  on  the  whole  an  east-north-east  and  west- 

*  After  this  memoir  was  read,  Professor  Meneghini  of  Pisa  communicated  to 
me,  tliat  Professor  Savi  and  himself  had  discovered  undoubted  species  of  coal 
plants  [Pecopteris  arborescens  and  Annularia  lonyifolia)  in  anthracite  schists, 
which  on  the  right  bank  of  the  Era  near  Volterra  form  the  lower  part  of  the 
"  Verrucano,"  or  oldest  conglomerate  of  Italy.  A  communication  to  this  effect, 
on  the  part  of  his  colleagues,  was  at  the  same  time  made  by  Professor  Parlatore 
at  the  late  Meeting  of  the  British  Association  at  Edinburgh.  This  important 
discovery  seems  to  prove  that  a  lower  portion  of  the  rocks  called  verrurano,  which 
have  hitherto  been  considered  to  be  the  natural  base  of  the  lias,  is  of  the  same 
palaeozoic  age  as  the  conglomerates  of  the  Valorsine  and  otlier  places  in  the  .-Vlps. 
Yet  still,  in  reference  to  my  opinion  above  expressed,  the  plants  found  in  Tuscany 
may  either  have  been  derived  from  lands  nov.-  submerged,  or  from  adjacent  shores, 
of  which  the  Silurian  and  ancient  crystalline  rocks  of  Sardinia  and  Corsica  are 
the  existing  remnants.  At  all  events,  no  rocks  have  yet  been  made  known  to 
geologists  in  .N'orthcrn  or  Central  Italy  which  are  of  sufficient  antiquity  to  have 
been  the  dry  land  whereon  the  coal  plants  grew,  to  which  Professors  ^leueghini 
and  Savi  have  drawn  attention. 

As  Italy  is  thus  coimected  still  more  closely  with  the  Alps  by  the  feature  of  an- 
thracitic  coal  plants  common  to  both  countries,  I  would  here  allude  to  an  able 
recent  memoir  of  Professor  Heer  (Mittheilungen  der  Natur.  Gesellscht.  in  Zurich, 
18.50),  in  which,  specially  referring  to  the  case  of  Petit  Coeur  in  Savoy,  he  argues, 
that  the  plants  found  there  being  terrestrial  and  of  the  carboniferous  jera,  the 
stratum  in  which  they  are  imbedded  cannot  be  united  with  that  which  contains 
marine  liassic  belemnites.  The  general  analogical  reasoning  of  tliis  author  is  so 
much  in  unison  with  my  wishes,  as  expressed  in  the  Memoir  on  the  Alps,  Apen- 
nines, and  Carpatliians  (Jouru.  Geol.  Soc.  Lond.  vol.  v.  pp.  17G,  177),  that  I  have 
only  to  regret  he  should  have  omitted  to  acquaint  his  readers,  that  I  drew  my  in- 
ferences solely  from  the  actual  section  and  the  order  and  position  of  the  beds.  I 
clearly  stated  that  I  did  so  in  opposition  to  my  desire  to  find  the  plants  and  be- 
lemnites lying  in  what  miglit  ])e  considered  separate  formations.  ^Vith  the  utmost 
deference  to  the  value  of  organic  remains,  I  felt  however  bound  to  affirm,  that  in 
the  example  of  Petit  Cceur,  the  phi/sical  evidences  seemed  fairly  to  sustain  the 
views  of  M.  Elie  de  Beaumont  and  .\I.  Sismonda.  At  the  same  time,  I  did  not 
deny  the  possibility  (though  as  yet  unexplained  by  an  actual  appeal  to  facts)  of 
accouuting  for  this  singular  collocation  by  an  extremely  sharp,  inverted  curvature, 
followed  of  course  by  powerful  denudation.  Lastly,  I  would  now  observe,  that 
the  naturalists  who  are  most  opposed  to  the  views  of  MM.  Ue  Beaumont  and 
Sismonda  have  not  visited  the  locality,  which  they  really  must  do  before  they  can 
explain  away  by  fair  demonstration  what  they  consider  to  be  an  anomaly. 
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south-west  direction  ;  whilst  in  the  Apennines  the  same  changes  have 
occurred  at  the  same  periods  on  hnear  hands  trending  generally  from 
N.W.  to  S.E.,  and  even  veering  round  to  a  meridian  strike  as  they 
approach  the  direction  of  the  ancient  and  palaeozoic  rocks  of  Corsica 
and  Sai'dinia.  Notwithstanding,  however,  their  great  diversity  of 
direction,  the  Alpine  and  the  Sardinian  lines  of  active  disturbance  have 

Fig.  6. 


Vesuvius. 


each  been  manifested  along  primaeval  coasts,  the  strata  formed  upon 
which  contain  palaeozoic  fossils.  When,  however,  we  pass  from  the 
consideration  of  events  so  long  past  to  the  contemplation  of  those 
agents  of  terrestrial  change  which  have  been  most  active  in  com- 
paratively recent  times,  the  Apennines  are  at  once  distinguished  from 
the  Alps  in  possessing  those  truly  volcanic  phsenomena  which 
connect  geology  and  existing  history.  With  the  most  frequent  evi- 
dences of  recent  mutations  to  an  enormous  extent  in  their  outlines 
— i.  e.  since  the  period  of  the  glacial  waters  * — the  Alps  present  no- 
where the  trace  of  any  subaerial  volcano  ;  the  youngest  igneous  rocks 

*  See  "  Distribution  of  the  Supeiiicial  Detritus  of  the  Alps,  as  compared  with 
that  of  Northern  Europe."     (Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  65.) 
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bcinir  those  wliicli  have  traversed  the  older  tertiary  deposits  of  the 
Vicentin  and  other  tracts.  The  Apennines,  on  the  contrarv,  offer 
proofs,  particularly  on  their  western  shores,  not  only  of  recent  os- 
cillations, but  also  of  copious  volcanic  eruptions.  Thus,  as  was  re- 
cently shown,  suba(jueous  volcanos  were  intensely  active  during  the 
penultimate  period,  alon^:  a  band  parallel  to  and  flanking  the  Apen- 
nines, which  had  been  raised  at  a  former  epoch.  After  these  fires 
were  spent  and  tlieir  dejections  raised  up  into  the  western  lands  of 
the  Papal  and  Neapolitan  States,  we  have  no  proofs  of  snbaerial 
volcanicity  until  Vesuvius  burst  forth,  save  the  case  of  the  volcano  of 
Latium  *,  whose  period  of  acti\ity  is  lost  in  the  maze  of  time,  and 
the  notable  examples  among  the  early  Greek  settlements  in  the  Bay 
of  Naples. 

Lastly,  let  us  recollect,  that  in  the  tract  of  Western  Tuscany 
which  has  been  the  special  sul)ject  of  this  memoir,  we  also  read  a  most 
instructive  lesson  upon  the  efforts  of  subterranean  igneous  forces 
to  develope  themselves  at  successive  ])eriods  along  one  and  the  saine 
established  band  of  active  change  in  the  crust  of  the  globe.  For  whilst 
one  extremity  of  this  band  is  marked  by  the  eruptions  of  Ischia  and 
Vesuvius,  where  volcanic  action  has  prevailed  in  the  historical  period, 
we  have  only  to  follow  such  zone  from  Naples  to  the  N.N.W.  to  see 
that  it  passes  along  a  portion  of  the  Papal  States  replete  mth  earlier 
volcanos,  and  is  directly  coincident  with  tracts  powerfully  affected  in 
much  more  remote  periods,  along  one  of  which  volcanic  action  is  still 
partially  developed  in  the  hot  vapour  issues  of  the  Tuscan  Maremma. 
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"1.  ■pXPERIMENTAL   Researches  in  Electricity."     Twenty- 
-Li  fourth  Series.    On  the  possible  relation  of  Gravity  to  Elec- 
tricity.   By  Michael  Faraday,  Esq.,  D.C.L.,  F.R.S.  <!v:c. 

Under  the  full  persuasion  that  all  the  forces  of  nature  are  mu- 
tually dependent,  and  often,  if  not  always,  convertible  more  or  less 
into  each  other,  the  author  endeavoured  to  connect  gravity  and 
magnetic  or  electric  action  together  by  experimental  results,  and 
though  the  conclusions  were,  when  cleared  from  all  error,  of  a  nega- 
tive nature,  he  still  thinks  that  the  principle  followed  and  the  ex- 
periments themselves  deserve  to  be  recorded.  Considering  that  some 
condition  of  the  results  produced  by  gravity  ought  to  present  itself, 
having  a  relation  to  the  dual  or  antithetical  character  of  the  mag- 
netic or  electric  forces,  it  seemed  to  the  author  that  the  approxi- 
mation of  two  gravitating  bodies  towards  each  other,  and  their  separa- 
tion, were  the  only  points  which  offered  this  kind  of  coincidence ; 
and  therefore,  using  the  earth  as  one  gravitating  body,  he  employed 
a  cylinder  of  metal,  glass,  resins,  or  other  substances,  as  the  other,  and 
endeavoured  to  ascertain  when  the  latter  was  allowed  to  fall,  being 
surrounded  by  a  helix  of  wire,  whether  any  electric  current  was 

*  Quart.  Journ.  Geo).  Soc.  vol.  vi.  p.  294. 
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generated.  Sometimes  the  cylinder  was  allowed  to  fall  through  the 
Leiix  ;  at  other  times  with  the  helix ;  and  occasionally  the  helix  was 
made  the  falling  body.  But  when  the  various  sources  of  error  which 
sprung  up  were  gradually  removed,  no  traces  of  electric  action  re- 
mained which  could  be  referred  to  the  power  of  gravity. 

In  order  to  obtain  a  greater  etiect,  an  aparatus  was  employed  (being 
nearly  that  used  in  the  23rd  Series  of  these  Researches)  by  which 
the  eifect  of  raising  a  body  from  the  earth  could  be  combined  with 
that  of  a  falling  body  by  the  fit  use  of  commutators  (if  any  action  at 
all  were  produced).  The  apparatus  was  very  good,  and  gave  ex- 
ceedingly delicate  results,  as  was  shown  by  other  consequences  of 
its  action  ;  but  in  respect  of  gravity  it  produced  no  effect  whatever. 
Notwithstanding  his  failure  in  obtaining  any  experimental  relation 
between  gravity  and  magnetic  or  electric  force,  the  author  still  ex- 
presses his  conviction  that  there  is  a  relation,  and  his  hopes  that  it 
may  be  hereafter  practically  demonstrated. 

2.  "  Experimental  Researches  in  Electricity."  Twenty-fifth  Series. 
On  the  Magnetic  and  Diamagnetic  Condition  of  Bodies.  By  Michael 
Faraday,  Esq.,  D.C.L.,  F.R.S.  <^'C.    Received  September  9,  1850. 

As  the  author  could  find  no  polarity  in  diamagnetic  bodies  when 
under  magnetic  influence  (a  result  described  in  the  23rd  Series  of 
these  Researches),  he  endeavoured  to  discover  some  other  physical 
condition  of  them,  and  of  magnetic  bodies,  by  which  he  might  obtain 
an  insight  into  their  respective  natures,  and  establish  the  true  place  of 
the  magnetic  zero  ;  and  considering  the  power  with  which  a  magnetic 
body  moves,  or  tends  to  move,  from  weaker  to  stronger  places  of  action, 
and  that  of  a  diamagnetic  body  to  pass  from  stronger  to  weaker  places 
of  action,  he  hoped  to  obtain  some  results  of  condensation  with  the 
first  class,  and  of  expansion  with  the  second,  when  they  were  subjected 
to  very  strong  magnetic  action  ;  the  respective  bodies  being  selected 
from  the  class  of  gaseous  substances,  in  which  change  of  volume 
can  be  easily  produced  and  measured.  In  the  first  place,  therefore, 
a  ray  of  light  was  passed  over  the  surface  of  powerful  magnetic  poles 
surrounded  by  different  gases,  and  the  place  of  its  source  carefully 
examined  by  telescopes,  micrometers,  and  other  means,  to  ascertain 
whether  the  layer  of  air  in  contact  with  the  poles  was  affected  in  its 
refracting  force ;  but  though  the  experiment  was  made  in  oxygen, 
nitrogen,  and  other  gases,  not  the  slightest  effect  was  visible. 

Resigning  this  process,  therefore,  two  air-tight  chambers  were 
made,  in  which  the  magnetic  poles  formed  the  chief  part  of  the 
internal  surface  of  the  chamber.  The  one  was  formed  by  bringing 
the  fiat  ends  of  the  two  poles  to  within  ^th  of  an  inch  of  each 
other,  with  a  frame  all  round  to  form  the  sides ;  and  the  other  by 
cutting  away  the  central  parts  of  an  iron  cylinder  so  as  to  give  it  the 
form  of  an  hour-glass,  and  then  enclosing  that  part  by  an  air-tight 
copper  tube.  Cocks  were  attached  to  these  chambers  for  the  intro- 
duction and  removal  of  gases,  and  for  the  application  of  gauges,  which 
were  able  to  indicate  a  change  of  volume  equal  to  the  loo'ooo^^ 
part  of  the  contents  of  the  chamber.  When  any  given  gas  was  in- 
troduced into  the  chamber,  and  the  latter  then  placed  between  the 
poles  of  the  electro-magnet,  any  possible  alteration  of  volume  would 
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be  shown  by  the  gauge  as  soon  as  the  magnet  was  rendered  active ; 
but  whatever  gas  was  t  inployed,  or  whatever  power  of  magnet  used, 
not  the  slightest  change  was  produced. 

Thinking  it  possible  that  there  might  be  expansion  in  one  di- 
rection and  contraction  in  another,  the  gases  were  then  examined  as 
to  the  production  of  any  currents  in  them,  but  no  traces  of  such 
appeared. 

Yrom.  these  results,  the  conclusion  was  arrived  at  by  the  author, 
that  the  motions  of  magnetic  and  diamagnetic  bodies  in  each  other 
do  not  appear  to  resemble  those  of  attraction  or  repulsion  of  the  ordi- 
nary kind,  but  to  be  of  a  ditterential  action,  dependent  perhaps  upon 
the  manner  in  which  the  lines  of  magnetic  force  were  affected  in 
passing  from  one  to  the  other  during  their  course  from  pole  to  pole  ; 
the  differential  action  being  in  ordinary  cases  between  the  body 
experimented  with  and  the  medium  surrounding  it  and  the  poles. 
A  method  of  showing  this  action  with  the  gases  is  described,  in 
which  delicate  soap-bubbles  are  made  to  contain  a  given  gas,  and 
these,  when  held  in  the  magnetic  field,  approach,  or  are  driven  further 
off,  according  as  they  contain  substances,  magnetic  or  diamagnetic, 
in  relation  to  air.  Oxygen  passes  inwards  or  tends  towards  the  mag- 
netic axis,  confirming  the  results  formerly  d(!scribed  by  the  author  in 
his  account  of  his  investigations  of  flame  and  gases. 

Perceiving  that  if  two  like  bubbles  were  set  on  opposite  sides 
of  a  magnetic  core  or  keeper  cut  into  the  shape  of  an  hour- 
glass, they  would  compensate  each  other,  both  for  their  own  dia- 
magnetic matter  and  for  the  air  which  they  would  displace;  and 
that  only  the  contents  of  the  bulbs  would  be  virtually  in  a  differ- 
ential relation  to  each  other,  the  author  passed  from  bubbles  of 
soapy  water  to  others  of  glass ;  and  then  constructed  a  differential 
torsion  balance  to  which  these  could  be  attached,  of  the  following 
nature  : — A  horizontal  lever  was  suspended  by  cocoon  silk,  and  at 
right  angles,  at  the  end  of  one  arm,  was  attached  a  horizontal  cross- 
bar, on  which,  at  about  1^  inch  apart,  and  equidistant  from  the 
horizontal  lever,  were  suspended  the  glass  bubbles  ;  and  then  the 
whole  being  adjusted  so  that  one  bubble  should  be  on  one  side  of 
the  iron  core  and  the  other  on  the  other  side,  any  difference  in  their 
tendency  to  set  inwards  or  outwards  from  the  axial  line  caused  them  to 
take  up  their  places  of  rest  at  different  distances  from  the  magnetic 
axis;  and  the  power  necessary  to  bring  them  to  an  e(|uidistant  position 
became  a  measure  of  their  relative  magnetic  or  diamagnetic  force. 

In  the  first  place,  different  gases  were  tried  against  each  other,  and 
when  oxygen  was  one  of  them  it  went  inwards,  driving  every  other 
outwards.  The  other  gases,  when  compared  together,  gave  nearly 
equal  results,  and  require  a  more  delicate  and  finished  balance  to 
measure  and  determine  the  amount  of  their  respective  forces. 

The  author  now  conceived  that  he  had  attained  to  the  long-sought 
power  of  examining  gaseous  bodies  in  relation  to  the  effects  of  heat 
and  the  effects  of  expansion  separately  ;  and  proceeded  to  an  investi- 
gation of  the  latter  point.  For  this  purpose  he  prepared  glass  bubbles 
containiiig  a  full  atmosphere,  or  half  an  atmosphere,  or  any  other 
proportion  of  a  given  gas  ;  having  thus  the  power  of  diluting  it 
V  ithout  the  addition  of  anv  other  body.     The  effect  was  most  stri- 
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king.  When  nitrogen  and  oxygen  bubbles  were  put  into  the  balance, 
each  at  one  atmosphere,  the  oxygen  drove  the  nitrogen  out  power- 
fully. When  the  oxygen  bubble  was  replaced  by  other  bubbles 
containing  less  oxygen,  the  tendency  inwards  of  the  oxygen  was  less 
powerful  ;  and  when  what  may  be  called  an  oxygen  vacuum  (being 
a  bulb  filled  with  oxygen,  exhausted,  and  then  hermetically  sealed) 
was  put  up,  it  siniply  balanced  the  nitrogen  bubble.  Oxygen  at 
half  an  atmosphere  was  less  magnetic  than  that  at  one  atmosphere, 
but  more  magnetic  than  other  oxygen  at  one-third  of  an  atmosphere  ; 
and  that  at  one-third  surpassed  the  vacuum.  In  fact,  the  bubble 
with  its  contents  was  more  magnetic  in  proportion  to  the  oxygen  it 
contained.  On  the  other  hand,  nitrogen  showed  no  difference  of  this 
kind;  whether  a  bubble  contained  thai  gas  more  or  less  condensed,  its 
power  was  the  same.  Other  gases  (excepting  olefiant  and  cyanogen) 
seemed  in  this  first  rough  apparatus  to  be  in  the  same  condition. 
The  air-pump  vacuums  of  all  the  gases  were  alike,  including  that 
of  oxygen. 

Hence  the  author  decides  upon  the  place  for  zero,  and  concludes 
that  simjjle  space  presents  that  case.  When  matter  is  added  to 
space  it  carries  its  own  property  with  it  there,  adding  either  magnetic 
or  diamagnetic  force  to  the  space  so  occupied  in  proportion  to  the 
quantity  of  matter  employed  ;  and  now  thinking  that  the  point  of 
zero  is  well  determined,  he  concludes  to  use  the  word  magnetic  as  a 
general  term,  and  distinguishes  the  two  classes  of  magnetic  bodies 
iuto  paramagnetic  and  diamagnetic  substances. 

There  is  no  other  gas  like  oxygen  :  its  paramagnetic  character  is 
very  high.  A  solution  of  protosulphate  of  iron  in  distilled  water 
was  prepared,  of  which  a  certain  bulk  in  a  glass  bubble  was  of  the 
same  paramagnetic  force  as  an  equal  volume  of  oxygen  ;  the  solution 
was  then  of  such  strength  as  to  contain  of  crystallized  protosulphate 
of  iron  seventeen  times  the  weight  of  the  oxygen  which  could  coun- 
terbalance it.  In  another  case,  a  glass  bubble,  containing  one-third 
of  a  cubic  inch  of  oxygen,  was  opposed  to  a  corresponding  bubble 
having  within  only  an  oxygen  vacuum.  As  soon  as  the  magnetic 
power  was  on,  the  oxygen  passed  inwards,  and  it  required  a  force 
equal  to  one-tenth  of  a  grain  to  hold  it  out  at  the  equidistant  position. 

The  author  then  refers  generally  to  the  air  as  a  paramagnetic 
medium,  because  of  the  oxygen  it  contains,  and  in  the  next,  or 
Twenty-sixth  Series  of  Researches,  he  proposes  to  enter,  after  some 
preliminary  inquiries,  into  the  great  subject  of  atmospheric  mag- 
uetism. 

3.  "  Experimental  Researches  in  Electricity."  Twenty-sixth  Se- 
ries. On  Magnetic  Conducting  Power  and  Atmospheric  Magnetism. 
By  Michael  Faraday,  Esq.,  D.C.L.,  F.R.S.  &c.  Received  October 
9,  1850. 

The  remarkable  results  respecting  oxygen  and  nitrogen  described 
in  the  last  Series,  and  the  absence  of  any  change  of  volume  under 
strong  magnetic  action,  led  the  author  to  apply  for  a  time  the  idea 
of  conducting  power  to  the  magnetic  phenomena  there  described, 
meaning  by  that  phrase  the  capability  which  bodies  possess  of  affect- 
ing the  transmission  of  the  magnetic  force  without  any  reference  to 
the  process  by  which  that  transmission  is  effected  ;  and  assuming 
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that  two  bodies  are  at  the  same  time  it)  the  magnetic  fiehl,  and  tliat 
one  di.-placcs  the  other,  he  considers  the  result  as  a  differential  eH'ect 
ot"  their  ditierence  in  conducting  power. 

If  a  free  portion  of  space  be  considered  with  lines  of  equal  mag- 
netic force  passing  across  it,  they  will  be  straight  and  parallel  lines. 
If  a  sphere  of  paramagnetic  matter  be  placed  in  such  a  space,  they 
will  gather  upon  and  in  the  sphere,  being  no  longer  parallel  in  their 
course,  nor  of  equal  intensity  in  every  part;  or  if  a  sphere  of  dia- 
magnetic  matter  replace  the  former  sphere,  the  lines  of  force  will 
open  out  where  the  sphere  is,  being  again  no  longer  parallel  in  direc- 
tion nor  uniform  in  force.  When  the  field  of  magnetic  force  is  formed 
between  the  opposite  flat  ends  of  two  large  magnetic  poles,  then 
these  are  atlected,and  the  globes  also,  and  there  arc  mutual  actions; 
u  paramagnetic  body,  if  a  little  elongated,  points  axially  and  tends 
to  go  to  the  iron  walls  of  the  field,  whilst  a  similar  diamagnetic 
body  points  equatoriallj',  and  tends  to  go  to  the  middle  of  the  field. 
Paramagnetic  bodies  repel  each  other,  and  so  al:?o  do  diamagnetic 
bodies ;  but  one  of  each  class  being  taken,  they  attract  one  another. 

The  convergence  of  the  lines  of  force  upon  the  opposite  sides  of 
the  paramagnetic  sphere,  and  the  corresponding  divergence  of  them 
on  the  opposite  sides  of  the  diamagnetic  sphere,  the  author  expresses 
by  the  term  conduction  polarifi/.  This  polarity  he  carefully  di- 
i^tinguishes  from  that  which  depends  upon  the  reversion  of  the  di- 
rection of  the  power ;  the  latter  he  considers  as  a  property  of  the 
particles  of  magnetic  matter;  the  former  as  dependent  rather  upon 
the  action  of  the  mass:  the  latter  is  an  absolute  inversion  of  the  di- 
rection of  the  power,  the  former  only  a  divergence  or  deflection  of  it. 

Applying  the  idea  of  conduction  to  niagnecrystallic  bodies,  he 
concluded  that  the  niagnecrystallic  axis  would  coincide  ^ith  the 
direction  of  better  conduction,  and  thence  concluded,  that,  if  a 
symmetric  crystal  of  bismuth  were  carefully  examined  in  difl'erent 
directions,  it  would  be  found  to  be  less  diamagnetic  when  its  niagne- 
crystallic axis  was  perpendicular  to  the  axis  of  magnetic  force  of  the 
field  in  which  it  was  to  be  submitted  to  experiment,  than  when  it 
■was  porallel  to  the  magnetic  axis.  By  means  of  the  differential 
torsion  balance  described  in  the  former  paper,  he  was  able  to  make 
the  trial,  and  found  the  results  were  as  anticipated.  With  calcareous 
spar  and  his  present  balance  he  was  not  able  to  establish  any  dif- 
ference, but  concludes  that  it  will  prove  most  diamagnetic  when  the 
optic  axis  of  the  crystal  and  the  magnetic  axis  of  the  field  are 
parallel. 

Advancing  to  the  consideration  of  atmospheric  magnetism,  the 
author  first  refers  to  the  earth  as  a  source  of  magnetic  power  from 
w  hich  emanate  lines  of  niagjietic  force  passing  into  space  accord- 
ing to  a  particular  but  recognized  distribution,  and  in  obedience 
to  the  general  laws  which  govern  the  distribution  of  power  about  a 
given  irregular  magnet.  In  pure  space  the  magnetic  power  is  con- 
sidered as  transmitted  onwards  with  a  certain  degree  of  facility 
which  is  constant, but  may  be  increased  or  diminished  by  the  presence 
of  paramagnetic  or  diamagnetic  matter  within  that  space.  The  atmo- 
sphere is  a  portion  of  such  matter,  and  can  aficct  the  magnetic  lines 
which  pass  flora  the  earth  into   space,  and  affects  them  differently 
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according  to  variations  which  continuallj'  occur  in  it  under  natural 
circumstances.  Four-fifths  nearly  by  volume  of  the  air  is  nitrogeu, 
which  is  a  gas  that  neither  under  any  difference  of  temperature  or 
of  expansion  shows  any  alteration  in  its  power  of  affecting  the  trans- 
ference of  the  magnetic  force;  whether  added  to  space  tiierefore  in 
one  state  or  another,  or  when  undergoing  changes  of  a  corresponding 
kind  by  natural  cause,  it  has  no  influence  on  the  magnetic  force. 
Tiie  perfect  identity  in  magnetic  action  of  hot  and  cold  nitrogeu, 
the  autlior  proves  by  new  and  delicate  experiments.  Oxygen  forms 
the  remaining  fifth  of  the  atmosphere.  Its  great  magnetic  changes 
by  expansion  have  been  described  in  the  Twenty-fifth  Series.  Those 
produced  by  difference  of  temperature  Avere  described  in  the  Philo- 
sophical Magazine  for  1847,  but  are  now  resumed  with  more  care, 
and  found  to  belong  to  it  alone,  and  not  to  nitrogen  or  to  carbonic 
acid  :  as  its  temperature  is  raised  its  paramagnetic  force  diminishes, 
being  resumed  as  the  temperature  falls  again.  These  properties  it 
carries  into  the  atmosphere,  so  that  the  latter  is  in  reality  a  mag- 
netic medium  ever  varying,  from  the  influence  of  natural  circum- 
stances, in  its  magnetic  power.  If  a  mass  of  the  air  be  cooled  it 
becomes  more  paramagnetic,  if  heated  it  becomes  less  paramagnetic 
Cor  diamagnetic),  as  compared  with  the  air  in  a  mean  or  normal 
condition. 

The  effect  of  the  approach  and  retreat  of  the  sun  in  his  daily 
course  is  to  produce  such  variations  of  changes  in  the  temperature 
and  expansion  of  the  atmosphere  as  to  influence  the  lines  of  force 
emanating  from  the  earth, both  in  their  direction  and  intensity;  and 
the  manner  in  which  this  influence  will  be  developed  is  by  means  of 
figures  and  descriptions  stated  by  the  author  in  relation  to  the 
annual  and  daily  variation,  and  the  irregular  perturbations  of  the 
magnetic  force,  which  he  thinks  are  consequences  of  it.  He  then 
applies  the  result  of  the  magnetic  observations  at  Hobarton  as  a 
test  of  the  probable  truth  of  the  hypothesis,  and  considers  that  it 
affords  strong  confirmation.  The  upper  or  north  end  of  the  needle 
there  goes  west  until  about  twenty-one  o'clock,  whilst  the  dip  in- 
creases ;  the  dip  still  increasing  until  noon,  the  upper  end  returns 
rapidly  eastward,  as  the  sun  passes  by,  until  two  o'clock,  the  dip  then 
decreasing ;  after  which  the  needle  goes  west  again,  following  the 
sun.  On  examining  the  results  at  Toronto,  corresponding  effects 
were  found  to  occur,  when  the  upper  or  south  end  of  the  needle  was 
considered,  and  therefore  in  accordance  with  the  hypothesis.  The 
examination  of  the  observations  made  at  Greenwich,  Washington, 
Lake  Athabasca,  Fort  Simpson,  and  St.  Petersburgh,  are  considered 
as  further  adding  confirmation.  By  the  aid  of  these  observations  the 
author  restates  his  principles  more  minutely,  endeavouring  to  indi- 
cate what  difference,  changes  in  the  inclination,  declination,  place 
of  the  sun,  land,  and  sea,  &c.  will  produce. 

Though  the  sun  is  the  cause  of  those  changes  in  the  atmosphere 
which  affect  the  lines  of  force  of  the  earth,  he  is  not  assumed  as  the 
centre  of  action  as  regards  those  lines ;  that  is  considered  to  exist 
somewhere  in  the  atmosphere.  It  appears  to  be  in  the  upper  re- 
gions and  not  on  the  surface  of  the  earth,  because  it  increases  the 
dip  of  places  north  and  south  of  the  tropics  which  have  a  certain 
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amount  of  inclination,  as  at  Hobarton  and  Toronto,  both  in  summer 
and  winter,  but  it  diminishes  the  dip  at  places  which  are  within  tlie 
tropics,  and  with  little  inclination,  as  St.  Helena.  By  other  kinds  of 
observations,  it  appears  to  be  in  advance  of  the  sun.  All  the  pheno- 
mena indicate  that  the  sun  does  not  act  directly  on  the  needles  at 
different  places,  but  mediately  through  its  effect  on  the  atmosphere. 
The  author  then  considers  the  pos:?ible  cause  of  numerous  irregu- 
lar variations,  such  as  those  that  are  shown  by  the  photographic  pro- 
ces-^es  of  record  at  Greenwich  and  Toronto.  The  varying  pressure  of 
the  atmosphere,  the  occurrence  of  winds  and  large  currents  of  air,  of 
rain  and  snow,  of  the  passage  of  those  masses  of  warm  and  cold  air 
which  the  meteorologist  recognizes  in  the  atmosjdiere,  of  the  aurora 
borealis;  he  considers  may  all  produce  changes  in  the  lines  of  mag- 
netic force,  and  become  more  or  less  sensible  in  the  records  of 
irregular  variations.  The  author  thinks  it  very  possible  that  masses 
of  air  at  diti'erent  temperatures  may  be  moved  by  the  magnetic  force 
of  the  earth,  according  to  the  principles  of  differential  action  made 
manifest  in  the  experiments  on  warm  and  cold  oxygen,  in  which 
case  material  as  well  as  potential  nuignetic  storms  may  exist.  He 
concludes  his  paper  by  calling  attention  to  the  wonderful  constitu- 
tion of  oxygen  in  its  magnetical  and  electrical,  as  well  as  its  chemical 
relations,  to  the  offices  it  has  to  perform  as  part  of  the  atmosphere. 

4.  "  Experimental  Researches  in  Electricity."  Atmospheric  Mag- 
netism, continued.  Twenty-seventh  Series.  By  Michael  Faraday, 
Esq.,  D.C.L.,  F.Il.S.  &c.     Received  November  19,  1850. 

In  order  to  obtain  an  experimental  representative  of  the  action  of 
the  atmosphere  when  heated  above  or  cooled  below  the  average 
temperature,  the  author  employed  a  ring  helix  of  covered  copper 
wire,  through  which  an  electric  current  was  passed.  The  helix  was 
about  one  inch  and  a  half  in  diameter,  and  having  the  well-known 
system  of  magnetic  forces,  was  placed  with  its  magnetic  axis  parallel 
to  a  free  needle :  when  its  position  was  such  that  a  needle  within 
the  ring  would  point  with  the  north  end  downward,  then  the  effect  in 
deflecting  the  surrounding  lines  of  force  of  the  earth  was  considered 
as  like  that  of  a  relatively  paramagnetic  mass  of  air;  and  when  its 
position  was  reversed,  its  action  was  representative  of  that  of  a  heated 
or  relatively  diamagnetic  mass  of  air.  Bringing  this  helix  into  the 
vicinity  of  small  magnetic  needles,  suspended  either  freely,  or  so  as 
to  show  declination  or  inclination,  the  planes  of  action  or  indif- 
ference as  regards  the  power  of  deflecting  the  lines  of  force  and  the 
needle  were  observed.  When  the  needle  can  move  only  in  one 
plane,  there  are  four  quadrants,  formed  (in  the  case  of  the  de- 
clination needle)  by  the  intersection  of  the  planes  of  the  magnetic 
equator  and  meridian,  ^^'hen  in  these  planes  there  is  no  deflection 
at  the  needle,  but  when  in  the  quadrants  there  is,  and  in  opposite 
directions  in  the  neighbouring  quadrants. 

As  the  lines  of  force  are  held  in  and  by  the  earth,  so  these  experi- 
ments were  repeated  with  a  needle  in  near  vicinity  to  a  magnet,  and 
the  difference  of  effect  is  pointed  out :  then  the  extent  to  which  these 
results  are  applicable  to  those  of  the  earth  is  considered,  and  their 
utility  in  guiding  the  inquirer. 
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The  effect  of  heated  air  having  been  considered  in  the  last  paper, 
that  of  cold  air  is  now  taken  up ;  and  after  considering  its  action  in 
causing  a  contraction  or  drawing  together  of  the  terrestrial  lines  of 
magnetic  force,  according  to  the  principles  of  conduction  before 
enunciated,  the  author  considers  generally  where  the  regions  of  cold 
which  travel  round  the  earth  every  twenty-four  hours  will  be  in 
the  northern  and  southern  hemispheres,  and  how  they  will  grow  up 
and  diminish  in  extent  and  importance  as  the  sun  moves  north  and 
south  during  the  year.  After  which  he  applies  these  considerations, 
and  the  results  of  the  experiments  with  the  ring  helix,  to  the  expli- 
cation of  the  changes  of  the  needle  as  they  are  given  by  observations 
at  St.  Petersburgh,  Greenwich,  Hobarton,  Toronto,  Cape  of  Good 
Hope,  St.  Helena  and  Singapore.  In  doing  this,  he  endeavours  to 
explain  the  night  action,  the  early  morning  effect,  the  contrary 
course  of  the  needle  for  the  same  hours  in  different  months,  the  dif- 
ference of  local  time  dependent  on  the  distribution  of  land  and 
water,  the  cumulative  effect  of  preceding  months,  and  the  con- 
tinual effect,  especially  in  the  tropical  regions,  of  the  higher  tempe- 
rature of  the  northern  hemisphere  above  that  of  the  south.  In  all 
these  points  the  author  sees  such  an  agreement  between  the  natural 
results  and  those  which  are  suggested  by  the  assumed  physical  cause 
of  the  magnetic  variations,  as  to  give  him  a  growing  confidence  in 
the  truth  of  the  views  he  has  put  forth. 

XI.  Intelligence  and  Miscellaneous  Articles. 

0\  THE  CHEMICAL  COMPOSITION  OF  THE  AIR.       BY  M.  LEWY. 

THE  author  states,  that  ever  since  the  month  of  March  in  the  pre- 
sent year,  he  has  been  occupied  with  the  analyses  of  the  air,  taken 
in  the  City  of  Santa-Fe  de  Bogota,  and  that  he  has  lately  arrived  at 
very  extraordinary  results,  relating  to  the  proportion  of  carbonic 
acid.  He  found,  in  August  and  September,  47  volumes  of  this  acid 
in  10,000  volumes  of  air,  whereas  in  the  months  of  March,  April, 
May,  June  and  July,  the  quantity  of  carbonic  acid  never  exceeded  3 
to  4  volumes  in  the  same  quantity  of  air.  The  author  states  that 
he  places  perfect  reliance  on  his  experiments;  all  having  been  per- 
formed according  to  the  most  exact  methods. 

M.  Lewy's  experiments  on  atmospheric  air,  collected  at  the  sur- 
face of  the  Atlantic  Ocean  during  his  voyage,  have  developed  a  fact 
which  is  new  and  very  general,  and  appeared  in  every  analysis  ;  it 
is,  that  the  air  taken  during  the  day  contains  more  oxygen  and  more 
carbonic  acid  than  the  air  taken  during  the  night  ;  this  difference 
of  composition,  the  author  is  of  opinion,  has  not  hitherto  been  ob- 
served ;  all  his  analyses,  without  exception,  confirm  this  result,  that 
there  is  more  carbonic  acid  and  more  oxygen  during  the  day  than  in 
the  night,  and  the  differences  are  more  marked  in  clear  than  in  foul 
weather. 

M.  Lewy  gives  the  results  of  two  analyses  of  air  at  a  great  di- 
stance from  land,  taken  at  random  : — 

December  18th,  1847,  3  p.m.:  weather  fine ;    wind  east,  strong 
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breeze  ;  temperature,  24°  C. ;  north  latitude,  21°  9' ;  west  longitude, 
42°  25'. 

December  4th,  1S47,  3  a.m  :  weather  fine;  wind  north-west; 
strong  breeze  ;  temperature,  13'^  C.  ;  north  latitude,  47°  ;  west  lon- 
gitude, 13°. 

Composition  of  the  air  in  volumes. 

Oxvfren.  Jsitrogcn.  Car.  acid. 

December  18,  rfay 21-05973  78-88637  0-0005390 

December  4,  «<>A< ... .      20-9(i084  79  006G0  0-0003336 

The  difference,  it  will  be  observed,  is  very  aj)preciable ;  and  as 
tlie  analyses  were  ])erformed  witli  M.  llegnault's  eudiometer,  the 
author  is  of  opinion  that  he  can  rely  upon  them  to  - -thofthe 
volume. 

The  existence  of  the  larger  quantity  of  oxygen  in  the  air  taken 
during  the  day,  may  perhaps  be  explained  on  the  supposition  that  the 
sun,  by  heating  the  surface  of  the  sea,  occasions  a  disengagement  of 
the  air  dissolved  in  the  water,  which  air  is  richer  in  oxygen  than  that 
of  the  atmosphere.  It  may  be  conceived  that  from  this  cause  the 
stratum  of  air  in  contact  with  the  sea  is  affected  in  its  composition. 
—  Comptes  Rendiis,  Novembre  18,  1S50. 


ON    THE    CHEMICAL   EQUIVALENT    OF    IRON. 
BY   M.    E.   MAUMENE. 

Many  analysts  have  lately  published  the  results  which  they  have 
obtained  with  respect  to  this  equivalent,  the  greatest  variation  being 
from  339-23  to  350.  The  author  had  occasion  to  occupy  himself 
with  this  subject  in  1846,  being  commissioned  to  analyse  the  wires 
offered  for  the  electric  telegraph  of  the  railway  Du  Nord,  and  having 
found  that  the  iron  was  perfectly  pure,  he  made  some  experiments 
to  determine  its  equivalent. 

The  metal  being  dissolved  in  weak  aqua  regia,  the  oxide  was  ])re- 
cipitated  by  ammonia,  collected  on  a  filter,  very  carefully  washed 
with  hot  water,  dried  in  a  stove  at  110°  centigrade,  and  then  cal- 
cined in  a  platina  crucible.  This  method  gives  very  good  results 
"when  all  the  hydrochlorate  of  ammonia  has  been  removed  by- 
washing. 

The  numbers  obtained  were  the  followinfj  : — 


Iron. 

Sescjuioxide. 

gr- 

gr- 

Equivalent. 

1-482 

2-117 

35008 

1-452 

2074 

350-16 

1-3585 

1-941 

349-82 

1-420 

2-0285 

350-04 

1  492 

2-1315 

349-96 

1-554 

2-220 

350-00 

Mean.  . 

..    3.50-01 

Comptes  Rendus,  Octobre  17,  1850. 
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ox  THE  FERRIC  AND   FERRI-MAXGANI-TUNGSTIC   ACIDS. 
BY  M.   A.   LAURENT. 

When  a  mixture  of  nitre  and  carbonate  of  potash  is  fused  with 
excess  of  wolfram,  a  product  is  obtained  which  is  partiallj^  soluble 
in  boiling  water,  and  deposits  on  cooling  a  brown  gummy  salt. 
This  salt,  treated  with  hydrochloric  acid,  yields,  when  the  solution  is 
evaporated  with  heat,  large  prisms  with  six  regular  faces,  the  com- 
position of  which  may  be  referred  to  a  new  type,  which  will  be 
W=  0^8  U\ 

This  new  tungstate  exhibits  a  very  singular  combination  and  pro- 
perties.    It  contains  peroxide   of  iron,  potash,    tungstic  acid  and 

water,  either  W*  O's  K^  f^  H^+  6Aq,  or  W'  O'"  K^  f^  H«  +  7Aq. 

Concentrated  acids  do  not  precipitate  tungstic  acid  from  it,  and 
the  alkalies  do  not  separate  peroxide  of  iron  ;  ferrocyanide  of  potash 
does  not  occasion  any  colour.  Lastly,  what  is  most  surprising  is, 
that  sulphuretted  hydrogen  does  not  reduce  the  peroxide  to  prot- 
oxide of  iron  ;  the  same  is  the  case  with  sulphuret  of  ammonium. 
But  when  the  solution  of  this  salt  is  heated  with  potash  or  ammonia, 
pertungstate  of  iron  is  gradually  precipitated,  and  acids  occasion  an 
abundant  precipitate  of  tungstic  acid. 

When  heated  to  392°  F.  it  loses  7  atoms  of  water,  and  then  redis- 
solves  immediately  in  water.  Heated  to  dull  redness,  it  loses  only 
two-thousandths  of  water,  and  becomes  insoluble.  Guided  by  the  ideas 
which  he  has  stated  with  respect  to  the  constitution  of  these  salts, 
the  author  thought  that  the  latter  ought  to  retain  two-  or  three- 
thousandths  of  water  at  a  red  heat ;  to  satisfy  himself  on  this  sub- 
ject, he  heated  in  a  narrow  tube  a  mixture  of  litharge  and  of  the 
calcined  salt.  A  slight  moisture  was  deposited,  the  weight  of  which 
was  two-thousandths.  Thus  we  have  a  salt  which  retains,  at  near 
a  dull  red  heat,  four-thousandths  of  water,  and  this  small  quantity  is 
sufficient  to  impart  peculiar  properties  to  it,  which  it  totally  loses  on 

being  deprived  of  it.  It  corresponds  to  the  H^  indicated  in  the 
formula. 

In  thus  arriving,  by  theory,  at  results  which  come  within  the  limits 
of  errors  of  observation,  the  author  states  that  he  cannot  give  them 
with  too  much  reserve  ;  for  under  similar  circumstances,  it  is  to  be 
feared,  that  in  spite  of  himself,  the  observer  is  influenced  by  precon- 
ceived ideas. 

This  ferritungstate,  treated  with  bichloride  of  platina  and  alcohol, 
gives,  after  the  separation  of  the  chloroplatinate  of  potash  and  evapo- 
ration to  the  consistence  of  a  syrup,  crystals  of  ferritungstic  acid  ; 
with  barj'tes  and  potash,  two  salts  are  obtained  which  contain 

Ferritungstate  of  potash,  W*  O's  f^  K*  H^  +  7Aq. 

Ferritungstate  of  barytes,  W^  O'^f'^Ba'^  +3Aq. 

The  ferritungstate  of  ammonia,  calcined  at  a  red  heat  and  then 
treated  with  ammonia,  yields  a  solution  w'hich  contains  iron  ;  but 
the  greater  part  of  the  ferritungstic  acid  is  converted  into  common 
tungstic  acid. 

When,  after  having  treated  wolfram  with  aqua  regia,  and  washed 
the  residue  imperfectly,  it  is  treated  with  ammonia,  a  solution  is  ob- 
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tained,  which  at  first  deposits  crystals  of  paratungstate  of  ammonia 
(common  bitungstate)  ;  the  mother- water,  evaporated  and  treated 
little  by  little  with  hydrochloric  acid,  becomes  a  thick  mass  of  verj' 
fine  needles  united  in  spheres  ;  these  contain  tungstic  acid,  ammonia, 
peroxide  of  iron,  peroxide  of  manganese  and  water ;  but  no  reagent 
indicates  the  presence  of  tungstic  acid  or  of  the  peroxides  of  iron  and 
manganese. 

By  ebullition  with  acids  or  alkalies,  this  ferri-mangani-tungstate  is 
decomposed,  and  then  the  presence  of  the  acid,  and  of  iron  and  man- 
ganese is  readily  ascertained.  It  is  also  decomposed  by  drying  at 
392°,  and  it  then  redissolves  readily  in  water  ;  but,  by  evaporaton, 
it  gives  a  mixture  of  hexagonal  tables  of  a  deep  rose-red  colour,  and 
of  white  or  slightly  j-ellowish  needles. 

With  bichloride  of  platina,  a  precipitate  of  chloroplatinate  of  am- 
monia is  obtained,  and  the  solution,  evaporated  to  the  consistence  of 
a  syrup,  gives  ferri-mangani-tungstic  acid. 

The  ammoniacal  salt  appears  to^consist  of — 

W5  O"'  f^  Mn^  Am^  H^  +  9Aq. 
There  certainly  exists  another  ferritungstic  type,  for  as  already 
stated,  wolfram,  treated  with  nitre  and  carbonate  of  potash,  gave  a 
gummy  salt.  As  this  may  be  heated  to  ebullition  with  carbonate  of 
potash  without  depositing  peroxide  of  iron,  it  must  belong  to  a  dif- 
ferent type  from  that  to  which  it  gives  rise,  by  the  influence  of  acids. 
Comptes  Rendus,  Novembre  IS,  1850. 


ox  DULCOSE.       BY  M.   A.   LAURENT. 

The  author  states,  that  some  months  since  he  presented  to  the 
Academy  a  memoir  on  a  new  kind  of  sugar,  to  which  he  gave  the 
name  of  didcose,  and  to  which  he  gave  the  formula  C'^  H^  0'^  +  3Aq, 
whicli  makes  it  an  homologue  of  glucose.  At  the  last  sitting  of  the 
Academy,  M.  Jacquelain  communicated  a  memoir  on  the  same  sub- 
ject, and  gave  to  dulcose  the  formula  C"  H-^  O'". 

M.  Jacquelain  having  inadvertently  compared  his  results  with  M. 
Laurent's  calculation  of  dulcose,  supposed  to  be  anhydrous,  and  having 
thereby  found  differences  which  were  too  great,  sent  to  M.  Laurent  a 
ver}'  pure  specimen  of  dulcose,  requesting  him  to  repeat  the  analysis. 

The  following  are  the  results  of  M.  Laurent's  fresh  analysis,  com- 
pared with  that  of  ^L  Jacquelain,  and  the  theoretic  results  of  both  : 
Lanrent.  Jacquelain. 
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The  analyses  of  ^L  Jacquelain,  it  is  remarked  by  M.  Laurent,  agree 
perfectly  with  the  formula  proposed  by  him,  or  C'*  H-*  0'*-|-2  Aq. 

If  M.  Jacquelain's  formula  were  correct,  it  must  be  admitted  that 
in  the  10  analyses  which  were  made,  2  to  3  thousandths  less  of 
hydrogen  were  obtained  than  by  calculation,  which  is  contrary  to 
what  happens  in  all  analyses. 
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As  the  theoretic  results  closely  approximate,  there  is  a  ver}'  simple 
method  of  arriving  at  the  truth,  which  is  to  determine  the  atomic 
weight  of  dulcose  ;  this  M.  Laurent  states  he  has  done  by  analysing 
the  barvtic  compound  which  crystallizes  very  well  and  contains 
C*  H-*  Ba^  O  -+14  Aq.  M.Laurent  expresses  a  hope  that  i\L 
Jacquelain  will  repeat  this  experiment,  and  confirm  the  results  which 
he  has  observed. — Ibid. 


METEOKOLOGICAL  OBSERTATIOXS   FOR   NOV.   1850. 
Chiswick. — November  1.    Rain  :  fine.     2,3.   Fine.      4.    Boisterous,  with  rain  : 
fine  ;  clear.    5.   Cloudy.     6.   Very  fine.     7.  Hazy :  very  fine.     S.  Rain.     9.  Very 
fine.      10.    Fine:    cloudy.      11.   Very  fine.      12.   Uniformly  overcast  :   very  fine 
clear.     13.   Foggy  :  overcast  :  cloudy.      14.   Clear  and  fine  :  frosty.     15.   Frosty 
overcast.     16.   Drizzly:    Lazy:  rain.      17.    Fine.      18.   Rain.     19.    Low  clouds 
very  fine  :  rain.     20.    Fine;  rain.     21.   Cloudy  :  fine  :  overcast.      22.   Overcast 
s'ight  rain.     23.   Rain  :  clear  at  night.     24.   Boisterous,  with  rain.     25.   Clear 
cloudy:  rain.     26.   Hazy  clouds  :  overcast:    cloudy.     27.    Cloudy:  rain:  clear 
and  frosty.     29.    Frosty  :  fine  :  slight  rain.     30.  Frosty  :  overcast. 

JNlean  temperature  of  the  month     45°'49 

Mean  temperature  of  Nov.  1849    41   "99 

Mean  temperature  of  Nov.  for  the  last  twenty-four  years  .43  '41 

Average  amount  of  rain  in  Nov 2-38  inches. 

Boston. — Nov.  1.  Rain:  rain  a.m.  2.  Cloudy.  3.  Fine.  4.  Cloudy:  stormy: 
rain  a.m.  5,  6.  Fine.  7.  Cloudy.  8.  Fine.  9.  Cloudy  :  rain  p.m.  10.  Fine. 
11.  Cloudy:  rain  early  a.m.  12 — 14.  Fine.  15.  Cloudy:  rain  p.m.  16.  Cloudy: 
rain  a.m.  and  p.m.  17.  Fine.  18.  Cloudy:  rain  p.m.  19.  Fine  :  rain  a.m.  20. 
Rain:  rain  a.m.  and  p.m.  21.  Cloudy.  22.  Cloudy:  rain  a.m.  and  p.m.  23,  24. 
Rain:  rain  a.m.  and  p.m.  25.  Cloudy.  26.  Fine,  27.  Rain:  rain  a.m.  28. 
Fine.     29, 30.  Cloudy. 

Sandwick  Manse,  Orkney. — Nov.  1.  Rain.  2.  Bright :  showers.  3.  Showers: 
thunder.  4.  Sleet-showers:  showers:  sleet:  thunder.  5.  Cloudy:  showers  :  sleet. 
6.  Bright:  clear:  aurora.  7.  Rain:  showers:  thunder  and  lightning.  8.  Showers. 
9.  Cloudy:  rain.  10.  Bright:  cloudy:  aurora.  11.  Showers:  aurora.  12. 
Drizzle:  showers.  13.  Haii-showers  :  clear  :  frost.  14.  Clear:  frost.  15.  Clear  : 
frost.  16.  Sleet  showers.  17.  Showers.  18.  Showers:  clear:  lunar  halo. 
19.  Rain.  20.  Showers:  clear.  21.  Bright:  clear:  frost.  22.  Cloudy  :  rain. 
23.  Cloudy.  24.  Cloudy :  clear  •.  25.  Showers.  26.  Bright:  sleet-showers. 
27.  Snow  "clear:  frost.  28.  Bright;  cloudy.  29.  Showers:  bright:  cloudy. 
30.   Bright :  clear. 

Applegarth  Manse,  Dumfries-shire. — Nov.  1.  Soft  rain  and  brisk  wind  all  day. 
2.  Wet  A.M.  :  cleared  and  was  fine.  3.  Frequent  showers.  4.  Heavy  rain; 
hail :  stormy  blasts.  5.  Heavy  showers  ;  hail  :  hurricane.  6.  Moiit,  but  rain 
not  heavy.  7.  Rain  very  heavy,  especially  p.m.  8.  Slight  showers.  9.  Gloomy 
November  day  ;  wet  p.m.  10.  Fair,  but  dull.  11.  Rain  early  a.m.:  damp 
evening.  12.  Fair  and  fine.  13.  Raw:  frost:  cloudy  p.m.  14.  Frost  hard. 
15.  Thick  fog;  raw  and  chilly.  16.  Thick  fog:  cleared  p.m.  17.  Showery: 
cleared  P.M.  IS.  Rain  during  night:  showers:  high  wind.  19.  Rain  very 
heavy  :  Hood  :  mercury  very  low.  20.  Rain,  not  so  heavy  :  mercury  rose  quickly. 
21.  S:ight  frost,  rime":  clear  and  fine  p.m.  22.  Raw  and  damp  ;  showers  p.m. 
23.  Rain  during  night  :  flood.  24.  Rain  heavy  and  very  high  wind.  25.  Rain 
during  night ;  showers  all  day.  26.  Slight  frost  a.m.  ;  raw  :  showers.  27.  Frost 
very  keen  all  day.  28.  Frost  still  keen  :  clear  and  sunny.  29.  Frost  milder. 
SO.   Frost  keen  again. 

Mean  temperature  of  the  month 43°"1 

Mean  temperature  of  Nov.  1849   42  "O 

Mean  temperature  of  Nov.  for  the  last  twenty-eight  years...   40  '6 
Average  rain  in  Nov.  for  twenty-three  years  3'60inches. 

*  Great  fall  of  barometer,  but  no  stormy  weather  in  Orkney.  I  have  subse- 
quently heard  of  the  storm  which  caused  such  dreadful  wrecks  on  the  west  coast 
of  Ireland  a  few  days  earlier,  and  the  fall  of  the  barometer  here  is  probably  the 
effect  of  the  same  atmospheric  wave. 
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XII.  On  the  Phosphorescence  of  Bodies.  Bi/ Jon's  W.  Draper, 
31. D.,  Professor  of  Chemistry  and  Physiology  in  the  Univers^ity 
of  New  York^. 

\  BELIEF  in  the  existence  of  the  Carbuncle^  a  stone  supposed 
"^^^  to  have  the  property  of  shining  in  the  dark,  appears  to 
have  been  current  from  the  very  infancy  of  chemistry.  It  gave 
rise  to  many  legends  among  the  alchemists ;  and  early  travellers 
relate  marvellous  stories  respecting  self-shining  mountains  and 
gems.  Thus,  it  was  said,  that  the  king  of  Pegu  wore  a  carbuncle 
so  brilliant,  that  if  any  of  his  subjects  looked  upon  hiin  in  the 
dark,  his  countenance  seemed  as  though  it  was  irradiated  by  the 
sun ;  and  that,  in  some  part  of  North  America,  there  was  a  moun- 
tain which  illuminated  the  country  for  many  miles,  and  served 
by  its  rays  to  guide  the  Indians  at  night.  These  traditions  were 
passing  into  discredit,  when  Yincenzio  Cascuriola,  a  shoemaker, 
discovered  his  celebrated  phosphorus — the  Bolognian  stone ;  or, 
as  it  was  then  designated,  sunstone  [lapis  Solaris).  This  was  in 
the  year  1602. 

Some  time  afterwards,  a  Saxon,  by  the  name  of  Baldwin,  con- 
ceived the  idea  of  obtaining  the  soul  of  the  world  by  distilling 
in  a  retort  chalk  which  had  been  dissolved  in  aquafortis.  In 
this  extraordinaiy  pursuit,  accident  led  him  to  observe  that  the 
substance  he  was  working  with  possessed  the  quality  of  shining 
in  the  dark  after  it  had  been  exposed  to  the  light  of  the  sun. 
The  alchemist  Kunkel,  who  relates  the  incident,  tells  us  vriih. 
gravity  how  he  stole  a  piece  of  this  substance,  on  the  occasion  of 
a  ^dsit  which  he  made  to  Baldwin  one  night  when  he  was  trjing 
to  make  his  phosphorus  shine  by  the  light  absorbed  from  a 
candle,  and  also  from  its  image  reflected  by  a  concave  mirror. 

*  Communicated  bv  the  Author. 
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In  consequence  of  tliis  theft,  Kunkel  succeeded  in  discovering 
what  the  substance  was,  and  made  known  the  method  of  its  pre- 
})aration. 

The  particular  condition  under  which  these  preparations  shine 
in  the  dark  was  very  quickly  perceived  to  be  the  same  as  the  old 
authors  had  recognised.  Isidore  of  Seville,  speaking  of  the 
"  lightning-stone,"  says,  "  si  sub  divo  positus  fuerit  fulgorem 
rapit  sidcreum."  That  condition  is  previous  exposure  to  the 
light. 

The  discovery  of  the  substance  now  known  as  phosphorus, 
drew  the  attention  of  the  cultivators  of  natural  science  to  this 
singular  property;  and  under  the  names  of  sunstones,  light- 
magnets,  noctilucas,  &c.,  various  shining  bodies  were  introduced. 
But  the  first  truly  scientific  examination  of  the  whole  subject  was 
made  by  Mr.  Boyle,  on  the  occasion  of  observing  that  a  certain 
diamond  belonging  to  ]\Ir.  Clayton,  and  subsequently  purchased 
by  Charles  II.,  emitted  light  in  the  dark.  Though  he  does  not 
seem  to  have  been  aware  of  it,  the  fact  itself  was  not  new ;  for 
the  alchemist,  Albertus  Magnus,  says,  in  the  thirteenth  century, 
that  he  had  seen  a  diamond  which  glowed  when  it  was  put  into 
warm  water.  A  diamond  rubbed  upon  gold  becomes  beautifully 
Imninous ;  as  Bernouilli  remarks,  it  shines  like  a  burning  coal 
excited  by  the  bellows. 

A  diamond  rubbed  upon  gold  emitting  light !  the  imaginary 
or  intrinsic  value  of  the  substances  employed  adds  to  the  gloiy 
of  the  phsenomenon.  A  light,  too,  that  cannot  be  extinguished 
by  water,  and  yet  so  sethereal  and  pure  that  it  can  set  nothing 
on  fire.  Here  certainly  were  facts  of  interest  enough  to  excite 
the  philosophers  of  the  last  century. 

The  chief  points  ascertained  by  Mr.  Boyle  respecting  the  dia- 
mond were,  that  it  shone  by  friction  with  various  bodies,  and  at 
the  same  time  chsplayed  electrical  development ;  but  that  it  also 
glowed  when  warmed  by  a  candle,  the  fij"e,  a  hot  iron,  or  even 
when  placed  on  the  skin ;  and  luider  these  circumstances  exhi- 
bited no  electricity,  being  unable  to  attract  a  hair  held  near  it. 
He  also  found  that  it  would  shine  under  water,  various  acid  or 
alkaline  liquids,  or  when  covered  with  saliva,  and  that  the  glow 
was  increased  when  put  into  hot  water. 

These  results  eWdently  led  to  the  conclusion,  that  though 
imder  certain  circumstances  the  light  was  accompanied  by  elec- 
trical development,  as  when  friction  had  been  used,  there  was  no 
necessary  connexion  between  the  two  properties.  The  gem  would 
shine  without  the  least  trace  of  attractive  power. 

Early  in  the  last  centuiy  two  different  hypotheses  were  intro- 
ducedfor  the  explanation  of  these  various  cases  of  phosphorescence. 

1st.  That  phosphorescent  bodies  act  like  sponges  to  the  light. 
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absorbing  it,  aud  retaining  it  by  so  feeble  a  power,  that  a  very 
trivial  cause  suffices  for  its  extrication.  This  was  the  view  of 
Leniery,  and  was  published  in  1709. 

2nd.  That  phosphorescence  arises  from  an  actual  combustion, 
or  burning  taking  place  in  the  sulphureous  parts  of  the  glowing 
body.  It  is  to  be  remembered  that  sulphur  figured  largely  in 
the  chemistry  of  those  days.  The  diamond  was  believed  to  con- 
tain it.     This  was  the  hjqiothesis  of  Dufay. 

To  this  celebrated  electrician  we  owe  a  veiy  able  investigation 
of  the  phosphorescence  of  various  bodies,  and  especially  of  the 
diamond.  He  recognised  the  fact  which  Boyle  had  overlooked, 
that  the  gem  must  first  be  exposed  to  the  light ;  and  then  when 
taken  into  a  dark  place  it  shines  for  a  time,  and  gradually  fades 
away.  But  the  glow  can  be  re-established  by  raising  the  tem- 
perature, and  an  exposm'e  of  a  single  second  to  the  sim  is  quite 
enough  to  commence  the  process. 

To  recognise  feeble  degrees  of  Imuinosity,  it  is  necessaiy  for 
the  observer  to  remain  in  the  dark  until  the  pupil  of  the  eye  is 
quite  dilated,  aud  the  impression  of  light  to  which  the  retina  has 
been  exposed  worn  off.  Dufay  gives  a  singular  but  very  conve- 
nient practical  process.  He  recommends  the  experimenter  to 
keep  one  eye  boimd  up  or  closed,  for  the  pm'pose  of  obsendng  in 
the  dark,  and  to  use  the  other  in  conducting  his  processes  in  the 
light.  He  remarks  the  curious  fact,  that  the  eye  v>hich  has  been 
shut  will  not  have  the  delicacy  of  its  indications  affected  by  that 
which  has  been  exposed  to  the  light. 

lu  this  manner  Dufay  found,  that  of  four  hundi-ed  yellow  dia- 
monds all  were  phosphorescent;  but  soiue  that  were  white,  or  rose- 
colom'ed,  or  blue,  or  green,  were  not ;  nor  was  there  any  external 
indication  by  which  it  could  be  told  whether  any  given  one  of 
these  kinds  would  shine.  He  discovered,  too,  that  the  glow 
took  place  under  various  coloured  media ;  as  stained  glass,  under 
water,  milk,  but  not  under  ink.  He  also  made  attempts  to 
compel  the  gem  to  preseiTe  its  light  by  enveloping  it  in  opake 
media,  such  as  ink,  black  wax,  &c.,  under  the  idea  that  the  light 
could  not  get  out ;  and  concluded  that  he  had  partially  succeeded, 
because  in  some  instances  the  diamonds  would  shine  after  being 
shut  up  for  six  or  twehe  hours.  He  verified  Boyle's  fact  on  the 
effects  of  hot  water  and  heating  generally,  but  carried  his  tem- 
peratures to  far  higher  degrees,  even  above  a  white  heat,  and 
found  that  the  stone  had  lost  none  of  its  qualities,  for  it  would 
take  light  again  when  it  was  cold  on  a  momentary  exposui-e  to 
the  sun.  He  also  investigated  how  far  the  glow  was  connected 
wdth  elect^'ical  relations,  and  showed  its  perfect  independence. 
He  also  greatly  increased  the  list  of  phosphori,  asserting,  that, 
so  far  from  the  quality  being  a  peculiarity  of  the  Bolognian 
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stone,  Baldwin's  compound  and  tlie  diamond,  in  reality  all  solid 
substances,  are  pliosphorescent  vhcn  properly  treated,  except 
perhaps  tlie  metals ;  and  even  these  he  believed  would  eventually 
be  found  to  have  the  same  property. 

There  is  one  point  on  which  Dufay  dwells  which  desen^es  more 
than  a  passing  remark, — the  connexion  between  phosphorescence 
and  tempcratm'c.  He  proved  that  phosphori  cannot  absorb  light 
so  well  when  they  are  warm  as  when  they  are  cold,  and  that  a 
rise  of  temperature  always  makes  them  disengage  their  light. 

It  is  obvious  that  these  early  investigators  laboured  under 
great  difficulties,  arising  from  the  imperfect  chemical  science  of 
those  times.  They  confounded  together  things  that  were  essen- 
tially distinct,  such  as  the  shining  of  urine-phosphorus  with  the 
glow  of  the  diamond ;  and  this  again  with  the  electrical  light 
arising  when  friction  has  been  employed.  Then,  again,  their 
erroneous  views  of  the  composition  of  bodies  were  constantly  lead- 
ing them  astray.  Thus  Dufay,  tinding  that  the  Bolognian  stone 
(sulphuret  of  barium)  emitted  a  sulphury  smell,  and  thinking 
that  it  shone  because  of  the  burning  of  the  sulphiir,  transferred 
the  same  kind  of  reasoning  to  the  case  of  yellow  diamonds,  and 
asserted  that  they  also  glowed  through  the  combustion  of  the 
sulphur  that  discoloured  them. 

I  do  not  intend  now  to  give  a  review  of  the  subsequent  disco- 
veries and  hypotheses  brought  foi-ward  by  the  numerous  experi- 
menters in  the  last  century,  or  l)y  Heinrich,  the  Becquerels,  Biot, 
Poggendoi-ff,  Pearsall,  and  many  others  in  this.  I  may,  however, 
recall  attention  to  a  veiy  elaborate  memoir  by  Osann  (Poggen- 
dorff's  Annalen,  vol.  xxxiii.  p.  405. 1834),  in  which  he  discusses 
the  various  theories  of  combustion,  absorption,  excitation,  &c., 
and  gives  many  new  facts. 


All  solid  substances,  except  the  metals,  possess  the  phospho- 
rescent quality.  We  may,  however,  by  making  a  judicious  selec- 
tion of  the  bodies  which  are  to  serve  as  our  means  of  experiment, 
disembarrass  the  inquiry  of  many  of  its  complications.  If  we 
employ  the  sulphiuet  of  barium,  or  any  other  substance  liable  to 
midergo  chemical  changes  in  the  airj  we  introduce  unnecessary 
phsenomena,  and  cannot  distinctly  prove  whether  the  shining  is 
due  to  a  du'ect  combustion  of  their  parts,  or  to  other  causes. 

Among  the  selections  which  might  be  made,  diamond  and 
fluor-spar  possess  qualities  rendeiing  them  very  eligible  for  these 
purposes, — absolute  unchangeability  in  the  air  and  under  water. 
Even  between  these  there  is  a  choice  ;  for  fluor-spar  possesses 
all  the  good  qualities  of  diamond,  and  seems  s])ecially  adapted 
for  the  purpose.  It  might  be  said,  considering  the  chemical 
relationships  of  diamond,  that  when  it  glows  it  undergoes  a  kind 
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of  surface  combustion,  which  is  the  cause  of  the  light;  and 
though  direct  experiments  show  that  this  is  not  so,  it  is  much 
better  to  resort  to  fluor-spar,  which  is  free  from  all  such  diffi- 
culties. Besides,  this  body  can  be  obtained  perfectly  trans- 
parent, and  also  nearly  opake ;  it  occurs  of  many  tints  of  colour, 
and  can  easily  be  cut  and  polished  to  any  figure,  and  had  in 
pieces  of  any  required  size.  Its  phosphorescent  powers  are  very 
high  j  indeed  it  yields,  when  properly  treated,  to  no  other  sub- 
stance, not  even  to  Canton's  phosphorus,  in  that  respect;  and 
greatly  exceeds  the  sulphate  of  potash,  a  substance  which,  how- 
ever, possesses  many  eligible  qualities. 

It  will  therefore  be  understood,  that,  in  selecting  fluor-spar 
and  its  varieties  as  the  subjects  for  experiment,  it  has  been  done 
with  a  view  of  bringing  the  results  to  their  simplest  conditions. 
In  such  inquiries,  Canton's  phosphorus,  and  bodies  chemically 
changeable,  are  wholly  inadmissible. 

The  specimens  of  fluor  have  been  derived  from  many  different 
sources,  American  and  European.  The  colour  of  the  light  they 
emit  is  very  variable,  some  yielding  a  blue,  some  a  green,  others 
a  yellow.  Among  them  there  is  an  American  variety  of  chloro- 
phane,  of  a  milky  or  pale  flesh-coloured  aspect,  translucent  on 
the  edges,  and  excelling  all  the  others  in  the  splendour  of  the 
light  it  emits.  It  equals  the  best  Canton's  phosphorus  in  power, 
yielding  a  superb  emerald-green  light  when  it  receives  the  rays 
of  the  sun,  or  of  an  electric  spark,  or  has  its  temperatm-e  raised. 
The  warmth  of  the  hand  in  a  dark  place  makes  it  shine.  Con- 
sidering the  facility  with  which  we  can  regulate  the  intensity  of 
an  electric  spark,  measuring  out  the  quantities  of  light  used  in 
a  given  experiment,  it  is  clear  that  there  are  great  advantages  in 
resorting  to  it  in  preference  to  the  variable  rays  of  the  sun.  Our 
choice  of  a  substance  should  be  conti-olled  by  these  circumstances, 
and  fluor-spar  completely  fidfills  all  the  indications. 

It  mil  be  seen,  however,  that  I  have  not  restricted  myself  to 
the  use  of  this  body,  but  wherever  other  substances  could  be 
compared  ^nth  it,  have  resorted  to  them  also.  The  general 
principles  here  set  forth  as  applicable  to  fluor-spar,  may  be  like- 
wise extended  to  them. 


To  what  cause  are  we  to  attribute  phosphorescence  ?  what  are 
the  changes  taking  place  in  the  glowing  body  ? 

We  have  already  seen  that  a  centmy  ago  two  different 
answers  had  been  given  to  these  questions.  Lemery  supposed 
that  bodies  act  towards  light  as  they  do  to  heat,  absorbing  it  and 
then  gi^^ng  it  out ;  Dufay,  that  all  phosphorescences  are  cases 
of  combustion. 
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Before  we  can  decide,  there  are  evidently  many  preliminaiy 
inquiries  to  be  made.  If  cliemieal  clianires  between  the  sz:lowing 
body  and  the  air  are  disposed  of,  and  the  action  is  recognised  to 
be  of  a  purely  physical  or  molecular  kind,  it  is  necessary  to  de- 
termine,— 1st,  whether  there  is  any  expansion  or  contraction  of 
the  shining  body  during  its  glow ;  2nd,  whether  there  is  any 
structural  change ;  3rd,  whether  there  is  any  evolution  of  heat 
along  with  the  light ;  or  4th,  any  development  of  electricity. 
Each  of  these  inquiries  will  now  be  taken  up  in  succession. 

1st.  Is  there  any  change  of  volume  in  a  phosphorescent  body 
during  its  glow  ? 

I  attempted  to  ascertain  this  by  causing  various  bodies  to 
shine  brightly  when  inclosed  in  glass  vessels  filled  with  water ; 
so  that  if  there  was  any  expansion,  the  water  might  be  pressed 
out  into  a  slender  tube,  and  the  amount  of  dilatation  thereby 
determined.     The  arrangement  was  as  follows  : — 

A  glass  tube,  about  two  inches  long  and  three-quarters  of  an 
inch  in  diameter,  was  closed  at  its  upper  end  by  means  of  a  plate 
of  polished  quartz  cemented  air-tight.  Immediately  beneath  the 
quartz  the  phosphorescent  body  was  supported.  Through  a 
cork,  which  closed  the  other  end  of  the  tube,  there  passed  a  piece 
of  thermometer-tube  bent  on  one  side,  and  to  it  Avas  affixed  a 
divided  scale.  The  arrangement  was  supported  on  a  suitable 
stand,  so  that  the  quartz  was  uppermost ;  and  at  a  little  distance 
above  it  the  spark  from  a  Ley  den  jar  could  be  passed  between  a 
pair  of  stout  iron  wires  maintained  at  an  invariable  distance,  and 
thus  produce  phosphorescence  in  the  body.  It  may  be  remarked, 
that  these  effects  of  an  electric  spark  do  not  take  place  well 
through  glass ;  and  hence  a  plate  of  quartz,  which  readily  trans- 
mits them,  must  be  used. 

The  large  tube  containing  the  phosphorescent  body,  must  be 
filled  quite  full  of  water  free  from  air,  as  also  must  be  the  ther- 
momcter-tvd)e  to  a  given  mark  on  its  scale.  If  an  electric  spark 
be  now  passed  between  the  Avires  to  make  the  phosphorus  shine, 
it  is  clear  that  if  there  be  any  expansion  or  contraction  of  its 
volume,  there  Avill  be  a  Corresponding  movement  in  the  water  of 
the  thermometer-tube. 

On  making  the  trial,  and  using  in  succession  a  crystal  of  violet- 
coloured  fluor-spar,  a  piece  of  flesh-coloured  chlorophane,  and  a 
mass  of  Canton''s  phosphorus,  the  result  in  all  cases  Was  negative  ; 
for  though  these  different  substances  glowed  very  brilliantly  as 
soon  as  the  r>park  passed,  there  was  not  the  smallest  movement 
perceptible  in  the  index  liquid  of  the  thermometer-tube. 

With  a  view  of  estimating  the  delicacy  of  the  means  here  used 
for  determining  any  change  in  the  volume  of  the  spar,  the  solid 
content  of  a  piece  of  chlorophane  was  determined  by  weighing 
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in  water ;  also  the  value  of  each  division  of  the  scale  was  ascer- 
tained. The  content  of  the  thermometer-tube  employed,  for 
each  di^■ision  of  its  scale,  was  equal  to  y^^^  ^dth  of  the  volume  of 
the  spar,  and  I  could  have  detected  a  movement  equal  to  one- 
tenth  of  that  value  ;  so  that  had  there  been  any  increase  or  dimi- 
nution in  volume  by  that  small  amount,  the  effect  would  have 
been  apparent.  There  was,  however,  absolutely  no  movement 
perceptible.     Hence  it  seems  that — 

A  phosphorescent  body,  when  at  its  maximum  of  glow,  has  not 
changed  its  volume  perceptibly. 

The  conclusion  here  arrived  at  is  strengthened  by  another 
mode  of  inquiiy.  If  change  of  volmne  is  connected  with  this 
evolution  of  light,  it  might  reasonably  be  expected  that  a  sudden, 
severe,  but  equable  compression  exerted  on  a  piece  of  spar,  the 
light  of  which  is  just  fading  out,  would  compel  it  to  regain  a 
part  of  its  brilliancy.  A  piece  of  chlorophane  in  that  condition 
was  placed  in  water  contained  in  the  apparatus  known  as  Oersted's 
machine  for  proving  the  compressibility  of  water,  and  which  is 
described  in  most  of  the  treatises  on  physics ;  but  though,  by 
suitably  tm'ning  the  screw,  pressures  varjung  from  one  to  four 
atmosiDheres  were  suddenly  put  on  the  spar,  and  as  suddenly 
removed,  no  change  whatever  was  seen  in  the  glo\^ing  mass,  the 
light  of  which  steadily  continued  to  die  away. 

In  passing  it  may  be  remarked,  that  these  experiments  seem 
to  have  a  bearing  on  Lemery's  theory.  A  mass  of  iron,  suddenly 
compressed,  grows  hot ;  so,  too,  does  atmospheric  air.  It  would 
not  therefore  be  unreasonable  to  expect,  that  if  a  phosphorus 
acted  like  a  sponge  towards  light,  if  it  be  thus  pressed  upon,  it 
would  let  its  light  go.  But  the  relations  of  specific  heat  are 
perhaps  scarcely  applicable  here. 

AMiere  unequal  pressm-e  is  applied  the  result  is  different.  A 
piece  of  chlorophane,  pressed  by  forceps,  glows  brightly;  if 
crushed,  the  fragments  sparkle  like  little  fireworks  as  they  fly 
through  the  air.  If  the  spar  be  previously  powdered,  a  shining 
is  still  produced;  and  when  the  pulverization  is  conducted  iu 
an  agate  mortar  in  the  dark,  bright  eddies  of  light  foUow  the 
track  of  the  pestle.  In  these  cases,  however,  the  separation  of 
the  laminpe  of  the  crystal,  and  the  heat  produced  by  friction, 
probably  determine  the  result.  Canton^s  phosphorus  did  not 
appear  to  shine  when  compressed  or  submitted  to  friction. 

2nd.  Does  any  structural  change  accompany  the  phosphorescence 
of  bodies  ? 

The  foregoing  experiments  appearing  to  prove,  that  if  there 
be  any  expansion  of  a  phosphorescing  body  it  is  to  a  very  small 
amount,  I  next  proceeded  to  determme  whether  there  is  any 
molecular  change,  or  new  stiiictural  an-angement,  which  can  be 
detected  by  polarized  light. 
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A  flat  piece  of  fluor-spar,  polished  on  both  sides,  was  placed 
in  a  polariscopc,  and  a  ])air  of  l)lunt  iron  ^nres  connected  with  a 
Lcydcn  jar  were  adjusted  very  near  and  in  front  of  it ;  so  that 
when  the  spark  passed,  a  brilliant  <rlow  ensued  in  the  spar,  which 
was  simultaneously  viewed  throuiih  the  analyser  of  the  instru- 
ment. But  thouixh  the  experiments  were  made  both  by  daylight 
and  lamplight,  no  kind  of  efiect  could  be  detected. 

These  experiments  were  fii'st  made  by  using  as  the  analyser, 
a  doubly  refracting  achromatic  piism ;  they  were,  however,  re- 
peated with  a  Niehol's  prism,  in  which  the  eye  is  not  disturbed 
by  a  bright  image,  as  in  the  other  case.  Having  fixed  the  plate 
of  polished  spar  in  the  polariscope,  it  was  readily  perceived  that 
it  possessed  naturally  a  kind  of  structural  arrangement,  because 
there  were  cloudy  spaces  or  lines  in  it  which  contrasted  with  the 
faint  white  light  which  passed  in  the  adjacent  parts.  It  was 
also  seen  that  this  structural  arrangement  could  be  deranged,  in 
a  transient  manner,  either  by  pressure  or  unequal  warming,  as 
is  well  known  of  other  bodies  ;  but  when  a  powerful  electric 
discharge  was  passed  near  to  the  spar  and  a  brilliant  phospho- 
rescence took  place,  no  change  whatever  could  be  discovered. 
Even  when  the  iron  wires  were  made  to  rest  on  the  spar  and 
the  explosion  passed  over  its  surface,  nothing  was  perceptible 
exce])t  along  the  line  between  the  ends  of  the  Anres,  where  the 
surface  was  roughened  or  abraded  by  the  force  of  the  discharge. 

But  though  these  experiments  with  polarized  light  give  a  ne- 
gative result,  or  at  all  events  prove  that  a  phosphorus,  when 
glowing,  has  its  molecular  arrangement  so  little  distui'bed  that 
the  change  cannot  be  detected  in  this  way,  it  appears  to  me  there 
can  be  no  doubt  that  if  our  means  of  testing  were  more  delicate, 
such  a  change  would  be  discovered ;  for  many  years  ago,  IMr. 
Bearsall  found  that  specimens  of  fluor  not  possessing  phos])ho- 
rescence  naturally,  might  have  that  quality  communicated  to 
them  by  repeated  exposm-e  to  many  powerful  electric  discharges. 
In  those  cases,  it  was  also  seen  that  a  change  of  colour  was  gra- 
dually brought  about  in  the  specimen  by  the  discharges.  Now 
there  can  be  no  doubt  that  such  an  alteration  of  tint  implies  an 
alteration  of  structure. 

Besides  the  test  by  polarized  light,  there  is  another  which 
may  be  resorted  to  for  the  detection  of  structural  changes,  when 
they  are  merely  supeiiicial ;  it  is  the  mode  in  which  various 
vapours  will  condense.  I  described  several  such  cases  in  the 
Philosophical  Magazine  for  September  1840  ;  considerable  atten- 
tion was  subsequently  given  to  them  by  M.  Moser.  They  were 
introduced  in  that  memoir  as  an  illustration  of  the  mode  in  which 
mercurial  vapours  condense  on  the  Daguerreotype  plate, — an 
illustration  which  I  still  believe  to  hold  good. 

Proceeding  on  this  principle,  a  lai'ge  plate  of  fluor-spar,  the 
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surface  of  whicli  was  finely  polished,  was  made  to  phosphoresce 
brightly  along  a  given  line,  determined  by  the  blunt  ends  of  two 
iron  wires,  which  served  as  a  discharger,  and  were  placed  near 
to  the  polished  sm-face.  The  spar  was  forthwith  suspended  in 
the  mercurial  box  of  a  Daguerreot}^e  apparatus,  and  kept  there 
for  an  hom*.  The  mercury  was  found  condensed  upon  it  faintly, 
in  the  manner  it  would  have  been  on  a  Daguerreotj'pe  plate, 
especially  on  and  in  the  vicinity  of  those  parts  that  were  more 
immediately  exposed  to  the  spark.  This,  therefore,  seems  to 
prove,  that  there  is  in  these  cases  a  molecular  modification  of  the 
shining  surface, 

3rd.  ll^en  a  phosphorescent  body  glows,  does  it  likewise  emit 
heat  ? 

A  very  thin  bulb,  half  an  inch  in  diameter,  was  blown  on  a 
piece  of  thermometer-tube ;  and  after  being  washed  over  with 
gimi-water,  finely-powdered  chlorophane  was  dusted  on  it  till  it 
was  neatly  coated  all  over.  A  di-op  of  water  was  then  introduced 
into  the  tube  to  serve  as  an  index.  Although  the  instrument 
was  very  sensitive  to  heat,  when  the  chlorophane  was  made  to 
shine  by  a  powerful  electric  spark  passed  near  it,  no  movement 
whatever  of  the  index  ensued.  From  this  it  would  appear,  that 
the  quantity  of  heat  developed  by  phosphorescence  must  be  very 
small. 

A  modification  of  this  experiment  was  tried,  which  appeared 
to  ofi'er  several  advantages.  The  instrument  which  had  been 
used  to  determine  whether  any  dilatation  of  a  phosphorescent 
body  took  place,  as  described  above,  was  emptied  of  its  water, 
and  a  single  drop  put  in  the  index-tube.  It  vv^as  supposed  that, 
when  the  rays  of  the  electric  spark  passed  through  the  quartz 
and  made  the  phosphorus  shine,  if  its  temperature  rose,  the  sur- 
rounding air  in  the  tube  warmed  thereby  woidd  expand,  and  a 
movement  of  the  index  liquid  in  the  themiometer-tube  take 
place.  But  in  several  trials,  in  which  difterent  bodies,  chloro- 
phane, Canton's  phosphorus,  &c.,  were  employed,  the  results 
were  uniformly  negative ;  for  though  these  different  substances 
glowed  splendidly  as  soon  as  the  spark  passed,  there  was  not  the 
smallest  rise  of  temperature  perceptible. 

A  further  attempt  Avas  made  as  follows  : — The  disc  of  quartz 
being  removed,  it  was  replaced  by  a  cork,  through  which  a  pair 
of  iron  whes,  to  serve  as  a  discharger,  passed  air-tight,  and  de- 
scended to  Avithin  a  short  distance  of  the  phosphorus.  A  suffi- 
cient period  of  time  was  allowed,  in  various  repetitions,  for  the 
index  liquid  to  come  to  rest.  It  was  hoped  that  this  form  of 
experiment  wovdd  have  advantages  over  the  preceding,  because 
the  discharging  wires  could  be  brought  nearer  to  the  phosphorus, 
and  the  effect  take  place  without  the  intervention  of  the  quai'tz. 
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When  the  spark  was  made  to  pass,  there  was  a  great  movement 
in  the  index-tube,  as  in  the  instrument  known  as  Kinnersley's 
eh'ctronieter ;  but  the  liquid  innuethately  returned  to  within  a 
short  distance  of  its  first  place ;  then  n  slow  dilatation  occurred, 
as  though  the  air  was  gradually  warming  up.  Thus  in  one  ex- 
periment the  liquid  stood  at  24-°  ;  after  the  explosion  it  returned 
to  26°,  and  then  there  was  a  gradual  dilatation  to  32°. 

To  eliminate  the  various  disturbing  causes  in  this  experiment, 
it  was  repeated  many  times,  the  spar  being  alternately  introduced 
into  the  glass  tube  and  removed.  It  appeared  that  whenever 
the  spar  was  present,  the  gradual  dilatation  alluded  to  took  place ; 
but  when  the  spar  was  not  in  the  tube,  instead  of  a  dilatation 
there  was  a  gradual  contraction,  until  the  index  liquid  recovered 
its  original  position. 

From  this  it  appears,  that  with  the  evolution  of  light  there  is  a 
feeble  extrication  of  heat. 

The  quantities  of  heat  thus  liberated  are  so  small,  and  the 
cavises  of  error  so  numerous,  that  I  endeavoured  by  other  me- 
thods to  obtain  more  reliable  results.  Thus,  I  attempted  to 
determine  the  surface  temperature  of  a  flat  piece  of  chlorophatie, 
while  phosphorescing,  by  means  of  the  thermometric  multiplier. 
The  pile  was  placed  in  a  vertical  position,  and  the  spar  having 
been  attached  to  a  strip  of  wood  which  served  as  a  handle,  in- 
tense phosphorescence  was  communicated  by  a  Leyden  spark, 
and  the  flat  and  shining  surface  instantly  put  on  the  tipper 
face  of  the  pile.  But  there  was  no  movement  of  the  astatic 
needles. 

Then,  taking  the  stone  by  its  handle,  it  was  touched  with  the 
tip  of  the  finger  for  one  second,  and  quickly  placed  on  the  pile. 
A  prompt  movement  of  the  needles,  amounting  to  four  degrees, 
ensued.  These  experiments  were  repeatedly  tried,  and  the  re- 
sults were  uniformly  the  same. 

On  considering  these  residts,  it  appears  that,  as  the  tempera- 
ture of  the  air  near  the  multiplier  in  one  of  the  experiments  was 
53°,  and  the  estimated  temperature  of  the  skin  98°,  the  amount 
of  heat  which  the  stone  received  from  the  touch  of  the  finger 
must  have  been  very  small.  I  made  a  comparative  trial,  by 
touching  the  bulb  of  a  thermometer  for  the  same  space  of  time 
in  the  same  way,  and  found  that  there  was  a  rise  of  about  \^°. 
But  the  conductibility  of  quicksilver  is  much  greater  than  that 
of  chlorophane. 

It  is  to  be  inferred,  therefore,  that  the  quantity  of  heat  set  free 
during  ])hosphorcscence  is  very  small,  and  that  the  surface  of 
the  chlorophane  does  not  change  its  tenqierature  by  one-third  of 
a  degree  -,  for  had  it  done  so,  the  multiplier  would  have  instantly 
detected  it. 
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4th.  Is  phosphorescence  accompanied  with  a  development  of 
eJectricity  ? 

It  has  already  been  stated,  that  the  erperimenters  of  the  last 
ceutuiy  paid  a  good  deal  of  attention  to  this  point,  Dufay 
established  the  fact,  that  though  in  many  cases  of  phosphores- 
cence there  is  a  development  of  electricity,  there  are  many  others 
in  which  the  light  seems  to  be  wholly  unattended  by  any  chs- 
tm-bance  of  that  kind. 

I  have  repeated  some  of  these  experiments,  and  with  the  same 
residts,  if  proper  care  be  taken  to  avoid  friction,  and  other  ob- 
vious causes  of  elective  excitement.  Thus  a  ilat  piece  of  chloro- 
phane,  phosphorescing  powei-fully,  was  put  on  the  cap  of  a  very 
delicate  gold-leaf  electroscope,  but  no  disturbance  whatever  was 
perceptible. 

A  large  crystal  of  fluor-spar  was  made  to  phosphoresce  bril- 
liantly along  a  line  about  half  an  inch  in  length,  by  passing  the 
spark  of  a  Ley  den  jar  between  two  blunt  iron  wires,  the  ends  of 
which  were  that  distance  apart,  and  I'esting  on  the  face  of  the 
crystal.  Over  this  line  of  blue  light,  which  was  pretty  sharply 
marked,  and  which  lasted  for  several  minutes,  a  delicate  hau* 
was  held.  This  would  have  been  readily  attracted  and  repelled 
by  the  feeblest  excitation  on  sealing-wax,  but  in  this  case  it 
wholly  failed  to  peld  any  indication  whatsoever. 


In  connexion  with  the  foregoing  experiments  I  may  mention 
some  miscellaneous  facts.  I  made  some  attempts  to  deter- 
mine whether  phosphorescent  bodies,  in  the  field  of  a  powerfid 
electro-magnet,  woidd  exhibit  any  change  of  property.  Six 
Grove's  pairs  were  made  to  magnetize  a  good  electro-magnet ; 
the  power  they  could  give  to  it  would  enable  the  keeper  to  sup- 
port about  half  a  ton.  Between  its  polar  piece,  chlorophane, 
Canton's  phosphorus,  &c.,  which  had  been  made  to  glow  by  ex- 
posure to  a  Leyden  spark,  were  placed.  But  whether  the  mag- 
netism was  on  or  not,  there  was  no  difference  in  the  light. 

It  was  also  found  that  the  electric  sjiark  from  a  contact- 
breaker  woidd  communicate  phosphorescence  to  all  the  various 
bodies  in  use  in  these  experiments ;  and  that,  up  to  a  certain 
point,  the  intensity  of  the  light  increased  with  the  tiumber  of  the 
sparks  received. 

Phosphorescence  is  not  communicable  from  one  body  to  an- 
other. Ha%'ing  provided  two  polished  plates  of  fluor-spar,  one 
of  them  was  made  to  glow  by  an  electric  spark,  and  the  other 
was  immediately  put  upon  it.  No  commimication  of  phospho- 
rescence took  place ;  the  second  piece  remained  perfectly  dark. 

Some  authors  state  that  fluor-spar  does  not  become  phospho- 
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rescent  by  exposure  to  the  sun ;  but  this  remark  does  not  apply 
to  all  varieties  of  it,  as  several  specimens  used  in  these  experi- 
ments prove.  Thus,  some  chloro])hane  which  had  been  ignited 
in  a  glass  tube  till  it  had  ceased  to  shine,  was  pidverized  and 
again  ignited  in  a  platinum  crucible.  It  emitted  an  emerald 
light.  A  piece  of  wood  was  now  put  on  it  to  screen  a  part  of 
its  surface,  and  it  was  exposed  to  the  sun  for  a  few  minutes.  On 
ignition  it  shone  again  hnely  with  a  green  light,  the  shadow  of 
the  wood  being  beautifidly  depicted.  The  same  result  having 
been  repeated  a  great  many  times,  it  appeared  that  the  phos- 
phorescence at  last  began  to  decrease,  perhaps  by  frequent  igni- 
tion causing  a  change. 

A  screen  of  yellow^  glass  intenening  between  the  sun  and 
some  powdered  chlorophane  prevented  phosphorescence,  but  it 
took  place  through  a  plate  of  polished  fluor-spar.  But  when 
the  light  of  an  electric  spark  was  used,  instead  of  the  sunshine, 
in  this  experiment,  the  fluor-spar  prevented  phosphorescence. 

General  Conclusions. 

The  results  to  w'hieh  the  foregoing  experiments  bring  us  are, 
therefore, — 

1st.  That  the  methods  employed  in  these  experiments  are  not 
sufficiently  delicate  to  detect  any  increase  of  the  dimensions  of  a 
phosphorus  while  it  is  in  a  glowing  state. 

2nd.  No  structural  change  can  be  discovered  by  resorting  to 
polarized  light ;  but  there  is  reason  to  believe,  from  the  change 
of  colour  which  certain  bodies  exhibit  when  the  quality  of  shining 
is  comnumicated  to  them,  and  from  the  manner  that  vapours 
condense  on  their  surfaces,  that  such  has  actually  taken  place. 

3rd.  That  phosphorescence  is  attended  with  a  minute  rise  of 
temperature. 

4th.  That  it  is  not  neccssai-ily  connected  with  any  electrical 
distm'bancc. 

On  comparing  these  conclusions,  it  is  obvious  that  if  the 
third  be  correct,  there  must  necessarily  be  a  change  of  volume ; 
and  that  the  reason  the  dilatation  is  not  discovered  by  direct 
experiment,  is  owing  to  the  insufficiency  of  the  means  employed. 

The  general  definition  given  of  phosphorescence  is,  that  it  is 
the  extrication  of  light  without  heat  (Gmelin).  But  these  results 
show  that  that  detinition  is  essentially  ineoiTCct ;  for  if  the  ex- 
periment be  made  with  due  care,  a  rise  of  temperature  can  be 
detected,  though  its  absolute  amount  may  be  very  small. 
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Determination  of  the  absolute  quantity  of  Light  emitted  by 
Phosphori. 

And  now  we  may  fairly  inquire  how  it  is  with  the  light  itself  ? 
do  we  not  deceive  oiu'selves  respecting  it  ?  We  ought  to  recol- 
lect that  it  is  harely  perceptible  in  the  open  day,  and  that  these 
experiments  require  to  be  made  in  the  dark.  We  should  also 
recollect  the  great  sensibility  of  the  eye,  and  how  feeble  a  lumi- 
nous impression  it  can  detect.  Impressed  \\atli  these  facts,  I 
have  endeavom-ed  to  compare  the  absolute  quantity  of  light  given 
by  the  most  brilliant  phosphori  with  some  well-known  standards. 
The  result  of  those  experiments,  now  to  be  presented,  puts  a  new 
view  on  the  whole  subject. 

The  lirst  attempts  I  made  for  this  purpose  were  conducted  on 
the  principle  of  comparing  the  stains  formed  on  a  Daguerreotype 
plate  by  the  phosphorus  under  trial  and  by  an  oil-lamp,  receiving 
the  rays  from  each  on  the  polished  concave  mirror,  eight  inches 
in  diameter  and  fifteen  in  focus,  of  a  reflecting  camera-obscura. 
For  this  purpose  there  were  set,  side  by  side,  a  small  oil-lamp, 
a  piece  of  white  paper  illuminated  by  the  lamp,  and  a  piece  of 
chlorophane,  arranging  things  in  such  a  way  that  the  stone 
might  be  illuminated  by  rays  coming  from  a  contact-breaker 
worked  by  two  Grove's  pairs.  The  contact-breaker  was  kept  in 
rapid  action  for  fifteen  minutes  ;  and  then,  to  prove  the  sensi- 
tiveness of  the  plate,  the  lamp  was  moved  for  one  minute  to  a 
new  position,  and  the  experiment  closed. 

On  mercurializing,  it  was  found  that  the  impressions  of  the 
lamp  had  solarized,  both  that  of  fifteen  minutes  and  that  of  one, 
proA  ing  that  such  a  light  in  one  minute  is  amply  sufficient  to 
change  the  plate  to  its  maximum.  Also  the  electric  spark  of  the 
contact-breaker  was  solarized,  and  the  image  of  the  piece  of  white 
paper  beautifidly  given,  of  a  clear  white  ;  but  the  phosphorescing 
spar  had  made  no  impression,  except  from  one  portion,  where  it 
reflected  the  rays  of  the  spark. 

Suspecting  that  the  spark  from  the  contact-breaker  might  not 
have  been  powerful  enough,  I  repeated  the  experiment,  using 
sparks  from  a  Ley  den  jar.  The  oil-lamp  was  exposed  in  front  of 
the  camera  one  minute  and  then  removed;  then  ten  strong- 
sparks  were  passed  over  the  spar,  each  of  which  made  it  emit  an 
emerald  light ;  but  during  the  moment  of  the  passage  of  each 
spark  a  screen  was  interposed,  that  no  dii-ect  or  reflected  light, 
and  indeed  none  but  that  of  the  phosphorus,  could  reach  the 
reflecting  camera  and  sensitive  plate. 

On  mercurializing,  it  was  found,  as  before,  that  the  lamp  was 
beautifidly  depicted,  but  the  spar  invisible. 

Estimated,  therefore,  by  the  chemical  effects  they  can  produce, 


94  Prof.  Draper  on  the  Phosphorescence  of  Bodies. 

the  light  from  chlorophane  is  inconi])arably  less  intense  than 
that  from  a  common  lamp.  For  there  can  be  no  doubt  that 
each  of  the  ten  discharges  gave  a  light  which  lasted  brilliantly 
for  six  seconds,  and  u])on  the  whole  was  equal  in  duration  to  the 
light  of  the  lamp ;  yet  the  latter  had  changed  the  plate  to  a 
maximum,  while  the  former  had  not  made  the  smallest  percep- 
tible impression. 

As  the  foregoing  attempts  to  obtain  photographic  eflfects  had 
failed,  I  next  varied  the  experiment  as  follows  : — In  a  Bohemian 
glass  tube  a  quantity  of  chlorophane  was  placed,  in  coarse  frag- 
ments, sufficient  to  occupy  about  three  inches  in  length  of  the 
tube.  The  retlecting  camera  was  placed  in  a  proper  position, 
accommodated  with  its  sensitive  silver  plate.  AMien  everything 
was  arranged,  a  spirit-lamp  was  applied  to  the  chlorophane, 
which  soon  emitted  a  superb  emerald  light,  and  continued  to  do 
so  for  about  two  minutes.  As  the  light  began  to  decline^  the 
spar  splintered  by  decrepitation,  but  all  the  process  went  fonvard 
in  a  very  satisfactory  way. 

As  soon  as  this  was  complete,  I  placed  an  od-lamp  in  fi'ont  of 
the  camera  for  five  seconds. 

On  mercurializing,  the  picture  of  the  lamp-tiame  came  out, 
but  no  trace  whatever  of  the  chlorophane  could  be  detected. 

So  it  appears  that  the  splendid  green  light  emitted  when  the 
spar  is  heated,  is  at  least  twenty-four  times  less  intense  than  the 
light  emitted  by  a  small  oil  tiame.  It  should  be  remembered 
that  this  is  a  measiu-e  of  absolute  intensity,  and  not  of  illumi- 
nating power. 

But  as  it  is  known  that  green  rays  are  not  very  efficient  in 
changing  a  sensitive  surface,  I  concluded  to  detennine  the  inten- 
sity of  light  emitted  by  chlorophane  by  the  optical  method  of 
Bouguer,  a  descri])tion  of  which  is  given  in  my  paper  on  the 
Production  of  Light  by  Heat,  in  the  Philosophical  Magazine  for 
May  1847. 

The  spar  being  heated  by  a  current  of  hot  air  arising  from  the 
flame  of  a  spirit-lamp,  the  light  of  which  was  carefully  screened 
by  a  chimney,  and  other  contrivances  of  sheet  iron,  a  comparison 
was  made  with  a  very  small  oil-lamj),  the  flame  of  which  was 
about  sLx-tenths  of  an  inch  high,  and  the  wick  one-sixth  of  an 
inch  thick,  covered  with  a  glass  shade. 

On  making  the  experiment,  everything  went  on  veiy  well.  The 
spar,  when  it  began  to  glow,  cast  a  reddish  shadow  on  the  paper, 
which  shadow  was  extinguished  when  at  its  maximum  by  the 
lanqi  at  about  25  inches,  the  spar  being  at  5  inches. 

The  distances  of  the  chlorophane  and  lamp  from  the  paper 
were  therefore  as  1  :  5.  The  illuminating  efi'ect  is  as  the  squares 
of  those  numbers,  and  therefore  1  :  25.     But  for  extinction,  it 
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requires  that  one  light  should  be  sixty  times  as  intense  as  the 
other ;  it  follows,  therefore,  that  at  those  distances  the  illumi- 
nating power  of  the  lamp  is  fifteen  hundred  times  as  intense  as 
the  illuminating  effect  of  the  spar. 

But  the  quantity  of  spar  used  in  this  experiment  exposed  a 
surface  much  greater  than  that  of  the  flame, — it  was  estimated 
at  least  twice  as  great.  This,  therefore,  would  bring  us  to  the 
conclusion,  that  the  intrinsic  brilliancy  of  the  chlorophane  is  not 
^^Q^opdth  part  of  that  of  the  lamp. 

This  experiment  was  several  times  repeated.  Thus  it  was 
found  that  the  lamp  extinguished  the  shadow  from  the  spar  when 
their  relative  distances  were  1  :  4.  The  lamp  at  4  was  therefore 
sixty  times  as  luminous  as  the  spar  at  1 ;  that  is,  their  illumina- 
ting power  is  as  1  :  960.  But  it  was  estimated  that  the  surface 
of  the  spar  employed  was  3^  times  that  of  the  flame  of  the  lamp ; 
so  this  would  make  the  intrinsic  brilliancy  3  sTjoth,  a  result  of 
the  same  order  as  the  preceding. 

From  this  we  conclude,  that  the  intrinsic  brilliancy  of  phos- 
phori  is  very  small ;  a  fine  specimen  of  chlorophane,  at  its  maxi- 
mum of  brightness,  yielding  a  light  three  thousand  times  less  intense 
than  the  fiame  of  a  very  small  oil-lamp. 

It  was  stated  above,  that  these  photometric  experiments  put  a 
new  view  on  the  whole  subject ;  in  fact,  they  explain  all  the  dif- 
ficulties of  the  foregoing  inquiries.  How  could  wc  expect  to  be 
able  to  measiu'e  the  heat  of  phosphorescence  ?  The  radiant  heat 
of  the  little  oil-lamp  here  employed  at  such  distances  would  re- 
quire a  very  delicate  thermometer  to  measure  it.  Is  it  likely, 
then,  that  we  could  detect  that  of  a  soui-ce  three  thousand  times 
less  intense  ? 

I  conclude,  therefore,  that  all  phosphoric  bodies  emit  radiant 
heat  as  well  as  light ;  but  that  its  quantity  is  so  small,  that  we 
have  no  means  delicate  enough  to  measure  it,  though  the  eye  is 
so  sensitive  that  it  can  detect  the  light,  the  absolute  intensity  of 
which  has,  however,  hitherto  been  greatly  over-rated.  I  believe 
that  the  quantities  of  both  are  of  the  same  order ;  and  if  this  be 
true,  we  should  scarcely  expect  to  discover  any  dilatation  of  the 
glowing  body,  unless  means  much  more  refined  than  those  here 
resorted  to  are  employed. 


On  the  effects  of  Temperature  on  Phosphorescence. 

It  has  been  already  observed,  that  the  efiect  of  heat  in  pro- 
moting the  disengagement  of  light  is  an  old  discovery,  dating 
back  at  least  to  the  times  of  Albertus  Magnus,  who  remarked  it 
in  the  case  of  a  diamond  plunged  in  hot  water. 

It  is  customary  in  later  works  which  treat  systematically  on 
phosphorescence,  to  group  the  different  facts  under  two  heads  : — 
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Istj  plios])liorescence  produced  by  insolation;  2nd,  by  heat. 
An  example  of  this  is  oflFcred  in  the  standard  work  on  chemistry 
by  L.  Gmelin. 

A  division  of  this  kind  brings  the  whole  subject  into  confusion. 
It  assigns  different  causes  for  things  that  are  essentially  allied. 
It  leads  to  the  inference,  that,  as  under  certain  circumstances 
the  sunlight  or  an  electric  spark  can  make  bodies  glow,  so  under 
other  circumstances  heat  will  produce  the  same  effect,  and  this 
wholly  independent  of  incandescence. 

But  what  are  the  facts  ?  If  a  yellow  diamond,  placed  upon 
ice,  is  submitted  to  the  sun  and  then  brought  into  a  dark  room 
the  temperature  of  which  is  60°,  for  a  time  there  is  a  glow,  but 
presently  the  light  declines  and  dies  out.  Let  the  diamond  now 
be  put  in  water  at  100"  ;  again  it  shines,  and  again  its  light  dies 
away.  If  it  next  be  removed  from  that  water  and  suftered  to 
cool,  and  then  be  reimmersed,  it  will  not  shine  again ;  but  if  the 
water  be  heated  to  200°,  and  the  diamond  be  dropped  into  it, 
again  it  glows  and  again  its  light  dies  away. 

There  is,  therefore,  a  correspondence  between  the  light  disen- 
gaged and  the  temperature.  AVe  are  not  to  conclude  from  the 
foregoing  illustration,  that  when  the  diamond  has  its  tempera- 
ture raised  from  100°  to  200°,  the  light  is  due  to  the  heat.  On 
the  contrary,  the  light  is  unquestionably  due  to  the  primitive 
exposure  to  the  sun  :  just  as  in  Lemery's  illustration  of  the 
sponge,  if  we  exert  a  little  pressm'c,  a  portion  of  the  water  flows 
out ;  if  a  stronger  pressiu-e,  still  more  ;  and  for  each  degree  of 
pressure  there  \\\\\  be  a  corresponding  quantity  of  water  expelled. 

The  connexion  between  phosphorescence  and  temperature  may 
be  established  in  another  way,  and  readily  verified  by  experiment. 

Suppose  that  thi-ee  diamonds,  a,  b,  c,  have  been  simultaneously 
ex])osed  to  the  sun,  a  being  kept  at  32°,  b  at  60°,  c  at  100°; 
and  that  they  are  then  simultaneously  removed  to  a  bath  of 
water  at  100°  in  a  dark  room;  it  will  be  found  that  a  emits 
a  bright  light,  b  shines  more  feebly,  and  c  scarcely  at  all.  This 
is  what  ought  to  be  expected  from  the  principle  laid  down  above ; 
for  if  at  a  particular  temperature  a  certain  quantity  of  light  is 
set  free,  it  is  clear  that  a  has  the  advantage  of  b,  so  that  it  will 
disengage  all  the  light  to  be  set  free  between  32°  and  60°. 

From  such  experiments  and  considerations  it  is  to  be  inferred, 
that  there  is  an  intimate  connexion  between  temperature  and 
phos])horescence,  which  may  be  conveniently  expressed  in  the 
following  terms : — 

The  quantity  of  light  a  substance  can  retain  is  inversely  as  its 
temperature. 

This  principle  furnishes  the  explanation  of  a  multitude  of  ob- 
servations made  at  various  times.  Thus  Dufay  discovered  that 
the  Bolognian  stone  shines  brighter  when  exposed  to  the  sky 
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thau  to  the  sun.  In  the  latter  case  its  temperature  rises,  and 
the  quantity  of  light  it  fixes  is  less.  Under  violet  and  other 
glasses  stained  with  such  colours  as  impede  the  warming  effect, 
phosphorescence  is  even  more  vivid  than  when  no  glass  has  in- 
tervened. On  the  same  principle,  we  have  an  explanation  of 
Dufay's  apparently  successful  attempt  to  prevent  the  escape  of 
light  from  glowing  diamonds,  by  putting  them  in  ink  or  cover- 
ing them  with  black  wax;  when  removed  from  the  ink  and 
brought  out  in  the  air,  they  became  somewhat  warmer  ;  perhaps 
the  touch  of  the  finger  aided  the  effect,  and  the  corresponding 
quantity  of  light  was  set  free. 

But  though  temperature  is  a  controlling,  it  is  not  the  only 
condition  involved.  If  it  were,  phosphorescence  after  insolation 
should  only  occur  after  a  rise  of  temperature.  The  fundamental 
fact  of  the  whole  inquiry  proves  to  us,  that  a  glowing  body  can 
retain  more  light  in  presence  of  a  lucid  surface  than  it  can  in 
the  dark. 

Is  not  this  fact  analogous  to  what  we  meet  with  in  the  ex- 
changes of  heat  ?  A  substance  can  retain  more  heat  in  presence 
of  a  hot  body  than  a  cold  one.  The  brilliancy  and  quantity  of 
light  to  which  a  phosphorus  is  exposed  goes  very  far  to  deter- 
mine the  intensity  of  the  subsequent  glow.  Thus  I  found  that 
a  piece  of  chlorophane  exposed  to  one  spark  of  a  contact-breaker, 
shone  but  feebly ;  but  if  it  had  received  one  hundred  s])arks,  its 
light  was  very  vivid ;  and  it  has  long  been  known,  that  in  deli- 
cate phosphori  a  certain  degree  of  luminosity  can  be  communi- 
cated by  the  moonbeams,  a  more  intense  one  by  lamplight,  and 
one  still  more  brilliant  by  the  simshine  or  a  Ley  den  spark.  So  this 
leads  to  the  conclusion,  that  the  quantity  of  light  -that  a  body  can 
receive  is  directly  as  the  intensity  and  quantity  of  light  to  which  it 
has  been  exposed. 

These  various  facts  indicate,  that  when  a  ray  of  light  falls  on 
a  surface,  it  throws  the  particles  thereof  into  a  state  of  vibration. 
An  examination  of  the  action  of  the  differently  coloured  rays 
dispersed  by  a  prism,  shows  that,  in  general,  the  greater  the  fre- 
quency of  vibration  of  the  impinging  ray,  the  more  brilliant  is 
the  phosphorescence.  But  in  such  a  prismatic  examination,  we 
have  constantly  to  bear  in  mind  the  disturbing  agencies  which 
are  present,  and  especially  the  antagonizing  effects  of  heat ;  that 
this  determines  the  amount  of  light  that  a  phosphonxs  can  re- 
ceive, and  also  the  rate  of  its  subsequent  extrication.  In  a  letter 
which  I  published  in  the  Philosophical  Magazine,  February  1847, 
it  was  shown  how  the  photographic  action  of  light  betrays  the 
general  principle  of  an  interference  of  vibratoiy  movements,  and 
the  production  of  antagonizing  results  in  different  parts  of  the 
solar  spectrum.     An  argument  is  there  brought  forward  to  the 
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effect,  that  as  the  violet  end  produces  phosphorescence  and  the 
red  extinguishes  it,  this  is  a  proof  of  opposition  of  action.  In 
explaining  this  fact,  JM.  E.  i3ecquerel  supposes  the  darkening 
power  of  the  red  rays  to  be  due  to  the  more  rapid  disengagement 
of  the  phosphorescence  by  reason  of  the  heat  produced  by  those 
rays,  and  that  the  apparent  antagonization  is  not  attributable  to 
the  supei-position  of  vibratory  movements  of  light-rays  of  differ- 
ent frequency,  but  to  the  relations  of  caloric  and  light.  The 
force  of  this  explanation,  however,  disappears  when  it  is  im- 
derstood  that  light  and  heat,  the  chemical  and  phosphorogenic 
rays,  are,  according  to  the  principles  of  this  able  experimenter, 
all  manifestations  of  the  same  agent.  It  avails  us  nothing  to 
say,  that  a  want  of  phosphorescence  at  the  less  refrangible  end 
of  the  specti-um  is  due  to  the  heat-giving  powers  of  those  rays, 
when  that  very  heat-gi^-ing  power  is,  under  the  hj'pothesis,  de- 
pendent on  their  comparative  rapidity  of  vibration. 

In  the  further  explanation  of  phosphorescence,  I  abandon, 
therefore,  expressions  derived  from  the  material  theory  of  light, 
and  present  again  the  views  alluded  to  in  the  letter  in  question, 
to  the  effect,  that  whenever  a  radiation  falls  upon  a  surface  of 
any  kind,  it  throws  the  particles  thereof  into  a  state  of  vibration; 
just  as  in  the  experiment  of  Fracaster,  in  which  a  stretched  string 
is  made  to  vibrate  in  sympathy  with  a  distant  sound,  and  jaeld 
hainnonies  and  form  nodes.  Such  a  view  includes  at  once  the 
facts  of  the  radiation  of  heat,  and  the  theoiy  of  "calorific  exchanges; 
it  also  offers  an  exj^lanation  of  the  connexion  of  the  atomic 
weights  of  bodies  and  their  specific  heats.  It  suggests,  that  all 
cases  of  the  decomposition  of  compound  molecules  under  the 
influence  of  a  ray  is  owing  to  a  want  of  cousentaneousness  in  the 
\dbrations  of  the  impinging  ray,  and  those  of  the  molecular 
group,  which,  unable  to  maintain  itself,  is  broken  down  under  the 
periodic  impulses  it  is  receiving  into  other  groups  which  can 
vibrate  along  with  the  ray. 

If  a  hot  body,  a,  be  placed  in  presence  of  a  cold  body  h,  the 
theoiy  of  the  exchanges  of  heat  teaches  that  the  temperature  of 
the  latter  will  steadily  rise  until  equilibrium  takes  place.  The 
molecules  of  a  communicate  their  vibratory  movement  to  the 
fether,  and  this  in  its  turn  imparts  an  analogous  movement  to 
the  molecules  of  b.  For  as  the  sethereal  medium  is  of  vastly  less 
density  than  the  vibrating  molecides,  each  of  their  oscillations 
will  produce  in  it  a  determinate  wave,  which  is  propagated 
through  it  according  to  the  ordinaiy  laws  of  undulation,  in  such 
a  way  that  the  aether  would  be  in  repose  after  the  wave  had 
passed,  were  it  not  for  the  recurrence  of  the  continuing  vibration 
of  the  molecules.  At  each  vibration  the  molecules  of  a  lose  a 
part  of  their  vis  viva,  by  the  quantity  they  have  communicated 
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to  the  setliereal  wave,  the  intensity  or  amplitude  of  the  wave 
becoming  less  and  less  as  this  abstraction  of  force  is  going  on. 
But,  the  sether  being  of  uniform  density  and  elasticity  through- 
out, each  of  its  particles  communicates  the  whole  vis  viva  it  has 
received  to  the  next  adjacent ;  and  would  instantly  come  to  rest, 
were  it  not  again  disturbed  by  the  vibrations  of  the  material 
molecules. 

These  elementaiy  considerations  show  how  it  is  that  a  wave 
of  sound  passes  through  the  air,  or  of  light  through  the  sether, 
and  the  particles  of  those  media  instantly  come  to  rest ;  but  a 
hot  body,  or  a  vibrating  string,  persists  in  its  motions,  which 
only  undergo  a  gradual  decline.  If  the  vibratory  molecule  was 
in  a  medium  of  the  same  density,  it  would  impart  to  it  all  its 
motion  at  once;  and  in  the  same  way  that  a  heavy  molecule 
gradually  communicates  its  motion  to  the  fether,  so,  in  its  turn, 
does  the  pether  to  other  systems  of  molecules. 

Upon  these  principles  we  may  explain  the  phsenomena  of 
phosphorescence.  From  a  shining  body  undulations  are  pro- 
pagated in  the  sether,  and  these  impinging  on  a  phosphorescent 
sm"face,  throw  its  molecules  into  a  \'ibratoi'y  movement.  These 
in  their  turn  impress  on  the  sether  undulations ;  but  by  reason 
of  the  difference  of  its  density,  compared  with  that  of  the  mole- 
cules, they  do  not  lose  their  motion  at  once,  but  it  continues  for 
a  time,  gradually  declining  away,  and  ceasing  when  the  vis  viva 
of  the  molecules  is  exhausted. 

^'^Tien  a  phosphorescent  surface  is  exposed  to  the  limiinous 
source,  it  necessai'ily  undergoes  a  rise  of  temperature,  and  the 
cohesion  of  its  parts  is  diminished ;  but  after  its  removal  from 
that  source,  as  the  temperature  declines  and  iiTadiation  goes  on, 
the  cohesion  increases  and  a  restraint  is  put  on  those  motions. 

Now  let  the  phosphorus  have  its  temperature  raised,  and  the 
cohesion  of  its  molecules  thereby  weakened,  and  the  restraint  on 
their  motions  abated.  At  once  they  resume  their  oscillations, 
and  continue  them  to  an  extent  that  belongs  to  the  temperature 
used.  When  this  has  passed  away,  a  still  higher  temperatm'e 
will  release  them  once  more,  and  the  glowing  will  be  again 
resumed. 

What  would  be  the  result  if  we  could  cause  the  surface  of  a 
mass  of  water,  on  which  circidar  waves  are  rising  and  falling,  to 
be  instantaneously  congealed  ?  It  might  be  kept  in  that  condi- 
tion for  a  thousand  years ;  and  then,  if  instantaneously  thawed, 
the  waves  would  resume  their  ancient  motion  from  the  point  at 
which  it  was  arrested,  and  it  would  now  go  on  to  completion. 

So  wdth  these  phosphori.  Exposed  to  a  light  of  suitable 
intensity,  their  pai'ts  commence  to  Adbrate,  but  the  freedom  of 
those  motions  is  interfered  with  by  their  cohesion.  Amplitude 
of  vibration  must  always  be  affected  by  cohesion ;  and  if  the  ray 
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be  removed,  and  the  tempei-aturc  permitted  to  decline,  tlie  re- 
straint becomes  greater  and  greater,  and  they  pass  into  a  con- 
dition somewhat  like  that  which  has  just  been  ilkistrated.  It 
matters  not  how  long  a  time  may  intenene,  rise  of  temperature 
will  enable  them  to  resume  their  motions. 

These  principles  give  us  an  explanation  of  all  the  facts  we 
observe.  We  see  how  it  is,  that,  as  we  advance  from  one  tem- 
peratui'e  to  another,  the  phosphonis  will  resume  its  glow ;  and 
that  there  is,  as  it  were,  for  eveiy  degree  a  certain  amount  of 
vibratory  movement  that  can  be  accomplished,  or,  to  use  a  differ- 
ent phrase,  a  certain  amount  of  light  which  can  be  set  free.  It 
also  necessarily  follows,  that  different  solids  will  display  these 
motions  with  different  degrees  of  facility,  and  hence  shine  for  a 
longer  or  shorter  time,  and  with  light  of  different  intensities. 

But  in  liquids  and  gases,  which  want  that  particular  condition 
of  cohesion  which  is  characteristic  of  the  solid  state,  and  whose 
parts  move  freely  among  each  other,  phosphorescence  cannot 
take  place,  for  it  depends  on  the  influence  that  cohesion  has  had 
in  restraining  the  vibratory  movements. 

Further,  the  condition  of  opacity  does  not  permit  the  phse- 
nomenon  to  be  established.  The  provoking  ray  cannot  find 
access  to  disturb  the  interior  layers  of  the  mass ;  and  even  if  it 
did,  and  phosphorescence  ensued,  how  could  we  expect  to  be 
able  to  discern  it  through  the  impervious  veil  of  the  supei-ficial 
layers  ?  The  light  of  the  most  brilliant  phosphonis  cannot  be 
seen  through  the  thinnest  gold-leaf.  Its  intensity  is  vastly  too 
small.  And  these,  therefore,  are  the  reasons  that  no  one  has 
ever  yet  succeeded  in  detecting  phosphorescence  in  metals  or 
black  bodies. 

It  will  be  gathered  from  this  explanation,  that  I  am  led  to 
believe  that  all  the  facts  of  phosphorescence  can  be  fully  ex- 
plained on  the  principles  of  the  communication  of  vibratoiy 
motion  through  the  ?ether;  that,  as  upon  that  theoiy,  an  in- 
candescent body,  maintained  at  incandescence,  would  eventually 
compel  a  cold  body  in  its  presence  to  come  up  to  its  own  tem- 
perature, by  making  its  particles  execute  movements  like  those 
of  its  own,  so  the  sunshine,  or  the  flash  of  an  electric  spark, 
compels  a  vibratoiy  movement  in  the  bodies  on  which  its  rays 
fall ;  that  these  movements  are  interfered  with  by  cohesion  in 
the  case  of  solids,  but  that  they  are  instantly  established  and 
almost  as  instantly  cease  in  the  case  of  gases  and  liquids ;  that 
reducing  the  cohesion  of  a  solid  by  raising  its  temperature  per- 
mits a  resumption  of  the  movement ;  and  that  the  condition  of 
opacity,  cither  melantic,  or  othei'wnse,  is  a  bar  to  the  Avhole  phse- 
nomenon. 

University,  New  York, 
December  15.  1850. 
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XIII.   The  solution  of  the  Problem  of  Sound,  founded  on  the  Atomic 
constitution  of  Fluids.     By  Professor  Potter^  A.M.^ 

SIR  ISAAC  NEWTON,  iuvestigatiug  the  expression  for  the 
velocity  of  sound  in  air,  found  that  it  was  represented  by 
V^H,  where  ^s=  force  of  gravity  =32*19  feet,  velocity  per 
second,  and  H  is  the  height  of  the  homogeneous  atmosphere. 
His  method  is  objected  to,  but  no  other  expression  for  the  velo- 
city of  sound  has  hitherto  been  established  in  place  of  his  formula. 
It  was,  however,  found  that  the  value  given  by  the  fornnda  v^^H 
was  smaller  than  the  velocity  given  by  experiment  by  about  one- 
sixth  part ;  and  the  first  who  succeeded  in  giving  an  explanation 
for  this  discrepancy  was  the  illustrious  mathematician  Laplace, 
who  maintained  that  the  sensible  heat  developed  in  the  sudden 
condensation  of  air  was  sufficient  to  account  for  it.  Calculations 
have  been  made  to  show  that  the  amount  of  discrepancy  is  thus 
completely  accomited  for.  The  explanation  of  Laplace  has  been 
held  to  be  untenable  by  many  eminent  mathematicians  and  phy- 
sicists; for  it  is  coiTCctly  argued,  that  a  wave  of  sound  will  com- 
mence with  a  rarefaction  as  often  as  with  a  condensation,  and 
that  on  one  side  of  a  nodal  line  on  a  bell  or  vibrating  plate,  the 
wave  commences  with  a  rarefaction,  whilst  on  the  other  side  it 
commences  with  a  condensation ;  so  that  Laplace's  reasoning 
would  have  been  equally  available  if  the  velocity  of  sound  in  air 
had  proved  one-sixth  less  than  the  theoretical  velocity,  instead 
of  one-sixth  more,  by  considering  the  cold  produced  by  rare- 
faction. 

In  reading  the  history  of  the  theoiy  of  sound,  the  scientific 
men  of  future  times  will  be  astonished  to  find  how  many  have 
recorded  their  acquiescence  in  Laplace's  views. 

The  author  of  the  present  paper  has  for  more  than  ten  years 
continually  and  publicly  expressed  his  conviction,  that  there  was 
a  fundamental  error  in  the  method  of  treating  the  hydrodynamics 
of  elastic  fluids ;  because  not  only  the  theory  of  sound,  but  other 
interesting  problems  were  not  capable  of  correct  solution  by 
means  of  the  equations  as  at  present  used.  He  also  frequently 
stated  his  belief,  that  the  atomic  theory  of  the  constitution  of 
bodies  must  be  introduced  into  hydrodynamics  before  the  subject 
could  be  coiTectly  treated.  Having,  by  the  publication  of  the 
second  part  of  his  Treatise  on  Optics,  now  some  little  leisure,  he 
has  undertaken  the  investigation  of  the  fundamental  equation  of 
the  theoiy  of  sound  with  complete  success.  He  may  attribute 
his  success  to  the  instructions  in  chemistiy  which  he  received  in 
his  youth  from  the  late  Dr.  Dalton,  who,  during  that  course  of 
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reading,  forcibly  impressed  on  his  mind  the  necessity  of  consi- 
dering the  change  in  the  distances  of  the  centres  of  the  atoms  of 
gases  during  their  condensation  and  rarefaction,  when  the  ehistie 
force  and  the  heat  and  cold  developed  were  the  subjects  of  study. 
Such  teaching  could  never  be  forgotten  by  a  mathematician 
studying  the  equations  of  fluid  motion;  but  the  method  of 
bringing  the  force  of  mathematics  to  bear  on  the  subject  was 
not  so  evident,  whilst  still  in  the  dark,  though  abundantly  simple 
when  once  known. 

We  may  consider  the  air,  as  is  usually  done,  to  be  a  homo- 
geneous fluid,  with  a  cubical  arrangement  of  its  atoms,  and  that 
it  is  not  uecessaiy  to  notice  the  heat  made  sensible  by  conden- 
sations, or  the  cold  by  rarefactions ;  because  the  velocity  of  sound, 
as  found  from  experiment,  is  not  as  yet  known  to  vary  with  the 
loudness  or  feebleness,  the  high  or  low  pitch  of  the  sound ;  so 
that  we  need  to  use  only  Boyle^s  (or  jMarriotte's)  law,  that  the 
elastic  force  of  a  gas  varies  as  its  density,  or  inversely  as  its  vo- 
lume for  a  given  mass. 

Using  the  ordinary  notation,  let 

J)  =  the  pressure  on  a  miit  of  area,  measuring  the  elastic  force 
of  the  gas ; 

p  =  the  density  of  the  gas ; 

then  by  Boyle's  law,  p  =  Kp. 

Let  Pi,  p„  V/  be  the  corresponding  pressure,  density,  and  vo- 
kime  of  a  portion  of  gas,  and  2r^  the  distance  of  the  centres  of 
two  contiguous  atoms. 

Also  let p',  p',  V,  2;'  be  the  like  quantities  after  a  change  of 
volume. 

We  must  attribute  the  volumes  (2/-^)^  and  (2r')3  to  each  atom 
in  the  respective  cases,  by  virtue  of  the  cubical  ai'rangement,  and 
we  have 

y  _  p'  _  L  _  !i 

^,  -  p,  -  V  -  r>^' 
or 

_  /c.mass  of  an  atom 

This  is  the  law  of  the  elastic  force,  in  terms  of  the  distance 
(2r')  of  the  centres  of  the  atoms,  which  is  to  be  applied  in  inves- 
tigating the  difi'erential  eqiiation  of  the  vibratory  and  undulatoiy 
motions  in  an  elastic  medium. 
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Supposing  the  disturbance  to 
be  wholly  in  the  direction  of  the  1 

wave  motion,  let  0  be  the  origin,  j  aba       a/3  7 

a,  b,  c  the  positions  of  three  con-     tt 

tiguous  atoms  when  the  fluid  is 
at  rest  in  the  line  of  the  disturb- 
ance, a,  /3,  7  the  same  atoms 
after  an  interval  of  time  t  after  disturbance. 

Let 

Qb  =  x,     Ofi  =  y 

ab  or  be =2r,,     a/3  =  2;-' 

=  2.Sx,     /37=2/-". 

Now  {2.Sx)-  being  the  area  of  the  face  of  the  cube  attributed 
to  the  atom  b,  then  (2.Sy)^  will  be  that  to  be  attributed  to  the 
atom  /3,  with  respect  to  which  the  elastic  forces  are  to  be  con- 
sidered. 

If  I/'  and  y"  are  the  ordinates  of  the  nearer  and  further  faces 
of  the  cube  of  /3  respectively,  we  have 

and  forming  the  equation  of  motion  for  the  particle  /3,  we  have 
d^y      pressure  on  nearer  face  of  atom — pressure  on  fui'therface 
dt'^  ~  mass  of  an  atom 

,^  ^  ,,«  mass  of  atom      ,^  r.  .^ /c  mass  of  atom 

(3  •  ^yr gpi (~  ■  ^!/)  gp73 

~  mass  of  atom 

_g/./c/  1    _  J_\ 

=  L^.JfL  +  &c. 

2    d.v^    /^y 
Neglecting  the  higher  terms  of  the  series,  and  putting  -^  =  —, 
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which  we  may  do  from  the  undetermined  minuteness  of  the 
atoms  of  matter^  we  have 


rPi/       3       da; 


,2 


=  7^  K 


dt-       2     /^\2 
\da) 

which  differs  from  the  ordinary  differential  equation  of  vibratory 

3 

motion  only  in  the  coefficient  -.     Taking,  on  the  usual  conside- 

7  '^ 

rations,  ^  =  1,  we  have  the  well-known  integral 

y  =  Y{x-at)+f{x-\-at); 
and  from  the  property  of  wave  motion,  the  velocity  of  transmis- 
sion =  A  /  -  a;,  since  this  is  the  value  of  a  in  the  integral. 

Now  if  the  above  process  be  correct,  we  shall  find  the  velocity 
of  sound  equal  to  \/  -  k,  when  we  have  in  the  ordinary  method 

supplied  the  value  of  K=g\l,  as  at  the  commencement  of  the 
paper.  Taking  the  data  given  by  Poisson,  page  715,  vol.  ii. 
second  edition  of  his  Traitede  Mecanique,  at  the  temperature  IS'^'Q 

Centigrade,  we  find  a/ -^  .  H  =  1122-2  English  feet,  velocity 

per  second;  whilst  Poisson  gives  340*89  metres,  or  1118"4  feet 
per  second  as  the  result  of  the  experiments  of  the  "  Commissaires 
du  Bureau  des  Longitudes.^' 

Sir  John  Herschel,  in  his  Treatise  on  Sound,  says  "  we  may, 
therefore,  adopt  1090  feet  without  hesitation  (as  a  whole  number) 
as  no  doubt  within  a  yard  of  the  truth,  and  probably  within  a 
foot."  This  is  for  the  temperature  of  freezing ;  and  allowing  for 
the  15°"9  Centigrade  above  freezing  by  his  rule,  "that  every  ad- 
ditional degree  of  atmospheric  temperature,  on  Fahrenheit's 
scale,  adds  1-14  foot  to  the  velocity,"  we  find  the  velocity  1122'6 
feet  per  second,  which  is  Avithin  half  a  foot  of  our  theoretic  value 
found  above. 

The  same  method  of  procedure  which  is  here  followed,  the 
autlior  intends  shortly  to  apply  to  the  general  equations  of  fluid 
motion  for  clastic  media. 
London,  December  28,  1850. 
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XIV.  Phanomenaof  a  Water-Jet.     5y  JohnTyxdall,  P^.D.* 

THE  recent  investigations  of  Professor  Magnus  on  the  motion 
of  fluids  t,  have  imparted  an  interest  to  some  very  common- 
place occurrences^  and  disclose  among  others  the  singular  fact, 
that  the  bubbles  formed  by  the  pourmg  out  of  a  glass  of  water — 
an  occurrence  of  hourly  obsen'ation  all  over  the  world — had  up 
to  the  time  of  his  inquiries  remained  without  explanation.  Ven- 
turi  had  endeavoured  to  account  for  them  by  assuming  that  the  air 
adlieres  to  the  water  and  is  carried  by  it  do^nlwards ;  but  a  little 
attention  to  the  experiment  compels  us  to  discard  this  notion, 
and  to  seek,  as  M.  Magnus  has  done,  an  explanation  elsewhere. 
If  a  funnel  be  taken  capable  of  holding  about  a  pint  of  water, 
and  if  a  cork  fixed  upon  one  end  of  a  narrow  tube  be  fitted  into 
the  funnel  at  the  junction  of  the  shank  with  the  conical  portion, 
so  that  the  narrow  tube  shall  pass  do^ATiwards  thi'ough  the  shank, 
we  have  a  convenient  apparatus  for  making  many  experiments 
in  connexion  with  this  subject ;  by  regulating  the  diameter  of 
the  tube,  a  jet  of  any  required  thickness  may  be  obtained. 

The  funnel  thus  arranged  being  placed  at  a  convenient  height 
above  a  beaker  glass  and  charged,  a  clear  vein  of  fluid  will  pass 
downwards  into  the  glass.  The  upper  part  of  the  vein  is  steady 
and  limpid,  and  presents  the  appearance  of  a  solid  glass  rod ;  the 
vein  decreases  in  diameter  as  we  descend,  and  after  passing  the 
section  where  its  contraction  is  greatest  :j:,  its  steadiness  ceases 
and  a  quivering  motion  is  exhibited.  Savart  has  attributed  this 
to  the  resolution  of  the  vein  into  detached  masses.  Following 
the  jet  downwards,  we  find  that  these  masses  become  more  and 
more  attenuated ;  and  were  the  height  sufficient,  thev  would 
finally  appear  as  a  kind  of  water-dust,  an  example  of  which  on 
a  large  scale  is  furnished  by  the  Staub-bach  near  Lauterbrunnen 
in  Switzerland.  Travellers  usually  attribute  the  breakmg  up  of 
the  Staub-bach  to  atmospheric  resistance,  but  the  latter  has  com- 
paratively little  to  do  in  the  matter ;  were  the  surrounding  space 
a  vacuum,  the  same  would  be  exhibited. 

The  acceleration  of  gravity  appears  sufficient  to  account  for 
the  contraction  of  the  vein.  The  water  in  passing  through  the 
tube  has  to  contend  with  capillaiy  attraction  and  the  friction  of 
the  sides ;  on  escaping  into  the  air  it  is  relieved  from  these,  and 
obeys  the  common  law  of  falling  bodies.  The  velocity  of  the 
particles  an  inch  below  the  end  of  the  tube  is  greater  than  their 
velocity  close  to  the  end,  so  that  the  vein  must  either  contract 
or  be  broken.  The  outlme  of  the  vein  becomes  thus  a  cuitc,  to 
which  its  axis  is  an  asymptote.  From  this  it  would  follow,  that 
if  the  action  of  gravity  were  annulled,  the  contraction  ought  not 

*  Communicated  by  the  Author. 

t  See  p.  1  of  the  present  volume  of  this  Jom-nal. 

t  Thi'oughout  the  memoir  this  is  called  the  contracted  section. 
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to  appear.  This  is  the  case.  If  a  jet  be  projected  sideways, 
its  horizontal  portion  exhibits  no  sensible  contraction ;  and  if 
projected  vertically  upwards,  the  contraction  becomes  negative, 
or  in  other  words,  the  jet  expands.  The  Trafalgar  Square  foun- 
tains are  an  ex])erinient  in  point,  though  probably  no  great  dif- 
ference will  in  their  case  be  discernible ;  for  when  the  velocity 
with  which  the  water  leaves  the  orifice  is  considerable,  the  areas 
of  its  different  sections  become  nearly  alike. 

To  return  to  the  bubbles.  Venturi,  as  remarked  before,  ima- 
gines them  to  be  carried  downwards  by  adhesion  to  the  jet.  M. 
Magnus,  if  I  imderstand  him  aright,  refers  their  production  to 
two  simultaneous  causes :  first,  to  the  cavity  formed  at  the  point 
where  the  jet  and  fluid  meet ;  and  secondly,  to  a  motion  of  the 
surface  of  the  latter,  which  throws  a  roof  over  the  cavity  and  thus 
incloses  the  air.  The  true  birthplace  of  the  bubbles  is  undoubt- 
edly here  indicated ;  it  will  perhaps  be  permitted  mc  to  furnish 
one  or  two  additional  proofs  of  this,  and  to  look  a  little  nearer 
into  their  origin  and  phsenomena. 

§1- 

A  thin  glass  bottle  was  half-filled  with  water  and  corked  air- 
tight. Through  the  cork  a  small  tube  passed  do\\Tiwards  until 
its  end  dipped  beneath  the  surface  of  the  water  ;  the  bottle  being 
placed  over  a  lamp,  soon  boiled ;  steam  w^as  generated,  which, 
reacting  upon  the  surface  of  the  water,  forced  it  to  issue  through 
the  tube  in  a  jet.  The  portion  of  the  tube  outside  the  bottle 
was  so  bent  that  the  jet  descended  vertically*.  According  as 
the  pressure  increased,  the  contracted  section  receded  from  the 
end  of  the  tube ;  and  when  at  a  certain  distance  therefrom  a  vessel 
of  water  was  so  placed  that  its  surface  intersected  the  jet  a  little 
above  the  contracted  section, — no  bubbles  entered.  The  lamp  was 
now  lowered ;  the  tension  of  the  steam  being  thus  reduced,  the 
contracted  section,  in  consequence  of  the  diminished  pressure, 
approached  nearer  to  the  end  of  the  tube,  and  finally  appeared 
alaove  the  surface  of  the  water.  From  this  time  foi-ward  bubbles 
were  produced,  and  increased  in  number  as  the  contracted  section 
ascended. 

This  experiment  appears  to  disprove  the  notion  of  Venturi ; 
for  were  the  bubbles  due  to  adhesion,  the  greater  the  velocity  of 
the  jet  the  greater  ought  to  be  the  quantity  of  air  carried  down  ; 
but  this  is  directly  the  reverse  of  the  fact,  the  velocity  in  the  above 
instance  being  greatest  when  no  bubbles  at  all  were  produced. 
Nor  was  their  absence  at  that  time  due  to  the  tranquillity  of  the 
sui-face ;  for  e^en  when  the  latter  was  stiiTed  briskly  with  a  glass 
rod,  not  a  single  bubble  entered. 

*  The  end  of  the  tube  was  drawn  out,  and  the  water  before  it  left  it  had 
to  pass  through  a  uniform  narrow  bore  about  4  inches  in  length. 
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A  convenient  way  of  making  the  above  experiment  is  with  a 
syringe-bottle,  such  as  that  used  by  chemists  for  washing  out 
precipitates,  the  pressm-e  of  the  breath  being  used  instead  of  the 
pressure  of  the  steam.  The  experiment  was  also  modified  in  the 
following  manner  : — A  cylindrical  tin  vessel,  about  10  inches  in 
height,  had  a  circidar  hole  punched  through  its  bottom.  AVhen 
filled  with  water,  the  limpid  portion  of  the  vein  which  issued  fi-om 
it  was  of  considerable  length  ;  but  this,  being  a  function  of  the 
pressure,  became  shorter  as  the  latter,  by  the  sinking  of  the  water 
in  the  vessel,  decreased.  An  arrangement  similar  to  the  former 
was  made,  ^^'^len  the  vessel  was  full,  a  basin  of  water  was 
brought  underneath  so  that  its  surface  cut  the  jet  above  its  con- 
tracted section.  As  the  pressure  became  less  the  latter  ascended, 
and  immediately  after  it  had  crossed  the  sm'face  the  bubbles 
commenced.  In  this  case  also  the  fluid  was  agitated,  but  mth 
the  same  result  as  before. 

These  experiments  demonstrate  that  the  entrance  of  the  an*  is 
not  due  to  adhesion,  and  also  that  a  contemporaneous  motion  of 
the  sm-face  may  take  place  without  any  bubbles  being  produced. 
They  m*ge  us  to  seek  the  cause  of  the  latter  in  the  structm'e  of 
the  jet  on  the  lower  side  of  its  contracted  section.  Above  this 
point  the  action  of  the  jet  against  the  Avater  is  nearly  uniform, 
resembling  in  this  respect  a  solid  \\\Ye  drawn  quickly  do\Amwards 
through  the  fluid.  The  portion,  however,  below  the  contracted 
section  is  not  represented  by  a  wire,  but  by  a  string  of  beads ; 
the  action  here  is  not  uniform,  but  the  water  opens  and  closes 
according  as  the  diameter  of  a  bead  or  the  space  between  two 
beads  coincides  with  the  plane  of  the  surface.  In  this  manner 
the  impact  of  each  drop  causes  the  fluid  to  recede  on  all  sides, 
and  creates  an  interval  into  which  the  air  enters ;  partly  by  the 
retm-n  of  the  fluid,  and  partly  by  the  descent  of  the  succeeding 
di-op,  this  interval  is  covered  in  and  the  bubble  formed.  If  a 
smooth  string  be  held  between  the  finger  and  thumb  to  the  bot- 
tom of  a  basin  filled  A\ath  water  and  then  dra\Mi  quickly  through, 
no  bubbles  are  formed ;  but  if  the  same  string  be  knotted,  bubbles 
to  any  amount  may  be  obtained.  The  direction  of  the  force 
exercised  by  the  jet  above  the  contracted  section  is  almost  wholly 
vertical ;  but  below  this  point  each  drop  furnishes  a  lateral  com- 
ponent, which  dashes  the  fluid  aside  and  thus  allows  space  for 
the  an."  to  enter.  The  same  is  exhibited  when,  for  the  drops  of 
water,  we  substitute  grains  of  shot. 

All  these  phaeuomena  can  be  very  prettily  exhibited  with  oil. 
Looking  through  the  side  of  the  glass  into  which  the  vein  de- 
scends, the  bubbles  are  observed  to  describe  ellipses :  the  same 
is  the  case  wdth  water,  the  eccentricity  of  the  cm-ves  being,  how- 
ever, greater.     Looking  downwards  on  the  surface,  the  bubbles 
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approach  the  point  where  the  jet  enters  from  all  sides,  and  are 
there  swallowed  up.  Sometimes  a  single  bubble  will  remain 
dancing  and  quivering  for  nearly  live  minutes  under  the  jet,  thus 
exhibiting  an  inversion  of  the  experiment  seen  in  some  of  the 
tilter-makcrs'  windows  in  London,  where  a  little  ball  is  supported 
by  an  ascending  jet ;  the  ball  is  ke])t  up  in  opposition  to  its  gra- 
vity, and  the  bubble  is  kept  down  in  opposition  to  its  lightness.  If 
a  layer  of  oil  of  proper  thickness  be  poured  upon  water,  and  a  jet 
of  the  former  enter,  underneath  the  jet  a  basin  is  formed  in  which 
the  bubbles  dance,  while  a  billowy  motion  is  imparted  to  the  sui'- 
face  all  round. 

§2. 

TMien  a  small  steady  jet  is  intersected  by  the  surface  of  the  fluid 
into  which  it  enters,  on  the  funnel  side  of  the  contracted  section 
there  is  no  cavity  formed,  but  the  reverse ;  the  water  climbs  up 
the  jet  to  a  certain  height,  and  thus  forms  a  little  conical  emi- 
nence at  the  base  of  the  descending  column.  This  is  best  ob- 
scned  by  placing  a  small  beaker  full  of  water  in  a  basin,  and 
allowing  the  jet  to  enter  it.  ^Mien  the  eye  is  brought  to  a  level 
with  the  surface  of  the  water,  the  eminence  is  distinctly  visible. 
This  is  manifestly  due  to  capillaiy  attraction,  the  jet  behaving 
in  this  respect  like  a  solid  metallic  wire. 

If  the  water  instead  of  passing  through  a  rigid  tube  pass 
through  a  flexible  one,  the  jet  issuing  therefrom  is  unsteady,  even 
before  it  attains  its  maximum  contraction ;  and  the  same  generally 
occurs  when  the  water  passes  through  a  glass  tube  at  a  high  ve- 
locity. In  the  latter  case  the  water  in  contact  with  the  sides  of 
the  tube  is  impeded  by  friction,  and  thus  forms,  as  it  were,  a 
flexible  canal  through  which  the  interior  portion  passes.  A 
reference  to  this  fact  will  perhaps  explain  the  experiment  adduced 
by  M.  INIagnus  in  refutation  of  Venturi,  where  it  was  found, 
that,  on  bringing  the  tube-end  within  a  millimetre  or  so  of  the 
surface  of  the  water,  bubbles  still  entered. 

§3. 

The  entrance  of  the  vein  into  the  fluid  may  be  obsen^ed  in  an 
indirect  manner  by  the  light  of  a  candle,  or  better  still,  of  a 
lamp  with  a  flat  wick,  the  edge  being  tm-ned  towards  the  vein. 
If  the  water  be  contained  in  a  white  basin,  the  shadows  of  the 
bubbles  are  thro\m  upon  the  bottom ;  and  any  alteration  that 
occurs  at  the  point  where  the  vein  enters,  is  in  this  way  rendered 
much  more  distinct  than  if  Aiewed  directly.  If  the  vein  be 
motionless,  a  defined  shadow  will  be  thrown  upon  the  bottom  of 
the  basin,  and  the  base  of  the  shadow  will  rest  upon  a  verj'  beau- 


Dr.  TjTidall  on  soine  Phenomena  of  a  Watet'-Jet.         109 

tiful  caustic  figure^.  It  is  so  easily  produced  experimentally, 
that  I  forbear  giving  a  drawing  of  it.  The  figure  is  due  to  the 
refraction  of  the  light  by  the  cuiTed  eminence  on  which  the  little 
pillar  of  water  is  based.  If  we  set  a  rod  of  any  kind,  a  lead 
pencil  for  instance,  perpendicular  in  the  water,  we  have  the  same 
phaenomenon;  the  opake  rod  will  appear  cut  in  two  by  the 
figure ;  and  when  the  rod  is  raised,  the  figure  "^-ill  appear  bright- 
est immediately  before  it  leaves  the  water. 

Sometimes  a  dark  bag  will  appear  suspended  from  the  end  of 
the  shadow.  The  same  is  observed  with  the  rod  when  it  is  dry, 
or  when  pushed  downwards  through  the  fiuid.  In  this  case, 
instead  of  capillaiy  attraction,  we  have  a  recession  of  the  fluid ; 
and  a  hollow,  instead  of  an  eminence,  is  formed.  On  drawing 
the  rod  upwards,  the  figiu'c  immediately  starts  into  existence. 
In  the  case  of  the  jet,  whenever  the  bag  makes  its  appearance, 
the  contracted  section  is  near  the  surface  of  the  water ;  and  the 
pulsations  of  the  jet  at  this  point  are  sufficient  to  beat  away  the 
eminence  and  to  establish  a  cavity  in  its  stead.  This  is  the  case 
which  corresponds  to  the  view  of  M.  Magnus  ;  for  were  the  sur- 
face now  put  in  motion,  bubbles  would  be  formed.  That  the 
bubble  is  due  to  lateral  motion,  is  rendered  very  clear  by  this 
mode  of  experiment :  when  no  air  enters,  the  sui'face  is  tranquil ; 
but  whenever  a  bubble  is  formed,  a  shock  occm's  which  spreads 
undulations  all  around.  The  bubbles  which  float  on  the  surface 
exhibit  caustic  figures  similar  to  that  at  the  base  of  the  vein's 
shadow ;  when  the  water  falls  from  a  sufficient  height,  the  flut- 
tering of  the  figm-es  receding  from  it  is  exceedingly  pretty,  the 
vibration  of  the  surface  giving  them  all  the  appearance  of  yellow 
buttei-flies  plying  their  expanded  A\ingst. 

Savart  has  traced  the  breaking  of  the  jet  to  an  intermittent 
outflow,  which  probably  has  its  origin  in  the  vessel  from  which 
the  jet  issues;  this  will  explain  the  word  'pulsations'  as  used 
above.  To  the  same  cause  is  probably  due  the  rings  which  the 
solid  portion  of  the  vein  presents  sometimes  in  entering  the  water, 
and  the  little  spiral  thread  which  is  obseiTed  quivering  along  it. 
To  the  unassisted  eye,  the  jet  after  it  passes  its  contracted  section 
appears  by  no  means  broken,  but  merely  in  a  state  of  quick 
vibration.  It  is  well  known  that  the  impression  of  an  object 
remains  upon  the  eye  about  the  eighth  part  of  a  second.  Sup- 
posing, therefore,  the  vein  to  be  actually  composed  of  drops,  if 

*  I  may  here  draw  attention  to  the  beautiful  series  of  these  figures  at 
present  being  pubhshed  by  Engel  and  Schellbach  in  Berhn. 

t  The  hght  must  not  fall  from  above,  but  as  nearly  horizontal  as  possible. 
A  convenient  way  of  producing  the  bubbles  is  simply  to  jjour  the  water  out 
of  a  teapot,  at  the  same  time  moving  the  hand  which  holds  the  teapot  over 
the  surface. 
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the  time  which  elapses  between  the  passing  of  a  certain  point  by 
one  drop  and  tlie  passing  of  the  same  point  by  the  following  one, 
be  less  than  the  eighth  of  a  second,  the  mass  will  appear  conti- 
nuous. But,  on  the  other  hand,  with  regard  to  the  self-same 
point,  it  may  be  observed  that  it  ought  never  to  appear  ob- 
scured by  the  di'ops  thus  falling ;  for  the  impression  of  it  must 
remain  upon  the  eye  during  the  brief  space  occupied  by  the  drop 
in  passing  it,  and  at  every  interval  between  two  drops  this  is 
renewed.  Hence  if  an  object  capable  of  making  a  strong  im- 
pression be  placed  stationaiy  behind  the  jet,  the  said  impression 
ought  to  be  constant.  To  ascertain  if  this  were  the  case,  I  fixed  a 
fine  platimmi  wire  between  the  poles  of  a  batteiy  composed  of  four 
of  Bunsen's  cells,  and  shortened  the  wire  until  an  intense  white 
heat  was  obtained.  This  was  set  in  a  dark  room  behind  the  jet 
and  at  right  angles  to  it.  AVhen  the  portion  above  the  contracted 
section  came  between  the  eye  and  the  wire,  the  latter  appeared 
intersected  by  a  dark  bar ;  but  when  the  portion  beloiv  the  con- 
tracted section  came  into  this  position,  the  wire  glowed  with 
uninterrupted  brightness  from  end  to  end,  thus  proving  that  the 
continuity  of  the  mass  had  ceased.  "Were  the  jet  illuminated  by 
an  instantaneous  flash,  we  ought  to  see  the  thing  as  it  actually 
is  for  the  fraction  of  time  above  mentioned.  This  is  effected  by 
the  electric  spark,  which  at  once  disintegrates  the  jet  and  reduces 
it  to  a  string  of  pellucid  beads. 

§4. 

During  these  experiments  a  circumstance  repeatedly  suggested 
itself,  which,  although  a  matter  of  as  common  experience  as  the 
production  of  bubbles,  has,  so  far  as  I  am  aware  of,  hitherto 
escaped  notice;  I  mean  the  origin  of  the  sound  of  agitated 
water.  When  the  smoke  is  projected  from  the  lips  of  a  tobacco- 
smoker,  a  little  explosion  usually  accompanies  each  puff;  but 
the  nature  of  this  is  in  a  great  measure  dependent  on  the  state 
of  the  lips  at  the  time,  whether  they  be  diy  or  moist.  The 
sound  appears  to  be  chiefly  due  to  the  sudden  bursting  of  the 
film  which  connects  both  lips.  If  an  inflated  bladder  be  jumped 
upon,  it  will  emit  an  explosion  as  loud  as  a  pistol-shot.  Sound 
to  some  extent  always  accompanies  the  sudden  liberation  of  com- 
pressed air,  and  this  fact  is  also  exliibited  in  the  deportment  of 
our  jet.  If  the  surface  of  the  fluid  on  which  it  falls  intersect  its 
limpid  portion,  the  jet  enters  silently,  and  no  bubbles,  as  before 
remarked,  are  produced.  The  moment,  however,  after  the  bub- 
bles make  their  appearance  an  audible  rattle  also  commences, 
which  becomes  louder  and  louder  as  the  mass  of  the  jet  is  in- 
creased. The  very  nature  of  the  sound  pronounces  its  origin  to 
be  the  bui'sting  of  the  bubbles ;  and  to  the  same  cause  the  rip- 
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pling  of  streams  and  the  soimd  of  breakers  appear  to  be  almost 
exclusively  due.  I  have  examined  a  stream  or  two,  and  in  all 
cases  where  a  ripple  made  itself  heard  I  have  discovered  bubbles. 
The  impact  of  water  against  water  is  a  comparatively  subordinate 
cause,  and  could  never  of  itself  occasion  the  murmur  of  a  brook 
or  the  musical  roar  of  the  ocean.  It  is  the  same  as  regards 
waterfalls.  Were  Niagara  continuous  and  without  lateral  vibra- 
tion, it  would  be  as  silent  as  a  cataract  of  ice.  It  is  possible,  I 
believe,  to  get  behind  the  descending  water  at  one  place ;  and  if 
the  attention  of  travellers  were  directed  to  the  subject,  the  mass 
might  perhaps  be  seen  through.  For  in  all  probability  it  also 
has  its  'contracted  sections,'  after  passing  which  it  is  broken 
into  detached  masses,  which,  plunging  successively  upon  the  air- 
bladders  formed  by  their  precursors,  suddenly  liberate  their  con- 
tents and  thus  create  the  thunder  of  the  waterfall. 


XV.  Description  and  Analysis  of  Gurolite,  a  new  Mineral  Species. 
By  Thomas  Anderson,  M.D.,  F.R.S.E.,  Lecturer  on  Che- 
mistry, Edinburgh^. 

THE  mineral  described  in  the  following  pages  I  first  saw  in 
the  hands  of  a  mineral-dealer,  who  offered  it  for  sale  under 
the  name  of  Herschelite.  A  very  cursory  examination  enabled 
me  to  see  that  it  was  not  that  mineral,  and  led  me  to  the  con- 
clusion that  it  was  either  pectolite  or  a  new  species ;  and  a  few 
preliminary  trials  appeared  rather  to  confirm  the  latter  opinion, 
but  my  specimen  was  not  sufficiently  large  to  enable  me  to  sub- 
mit it  to  accurate  analysis.  In  the  autumn  of  1849,  however,  I 
paid  a  visit  to  Skye,  where  I  found  the  mineral,  not  abundantly, 
but  in  sufficient  quantity  to  enable  me  to  examine  and  analyse 
it.  I  then  found  that  what  I  had  before  seen  were  weathered 
and  effloresced  specimens  ;  and  the  result  of  my  examination 
proved  it  to  be  a  new  and  very  distinct  species,  to  which  I  give 
the  name  of  Gurolite  (from  yvpo^,  orhiculatus) ,  from  the  peculiar 
form  of  its  crystalline  concretions. 

Gurolite  occurs  at  Storr,  about  nine  miles  from  Portree,  at  the 
spot  already  so  well  known  to  mineralogists  for  the  abundance 
and  beauty  of  the  specimens  of  apophyllite,  stilbite,  laumonite, 
and  other  zeolites  found  there.  With  these  gurolite  occm's 
associated,  and  it  is  sometimes  found  coating  crystals  of  apo- 
phyllite. The  best  and  finest  specimens,  however,  are  not  found 
in  immediate  contact  with  these  minerals,  but  are  met  with  in  a 
basalt  of  veiy  difierent  characters  from  that  in  which  they  are 

*  Communicated  by  the  Author,  having  been  read  before  the  Royal 
Society  of  Edinburgh. 
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most  abundant.  The  rock  in  which  these  minerals  are  princi- 
pally found  may  be  described  as  a  basaltic  amygdaloid,  very  soft, 
and  so  vesicular  that  it  is  impossible  to  break  even  a  small  piece 
without  finding  it  filled  with  drusy  ca\ities,  lined  with  rock 
crystal,  stilbite  and  apophyllite.  In  this  rock,  gurolite  is  never 
found ;  but  there  occurs  also  another  basalt,  which  I  imagine  to 
have  been  ])roduced  by  a  distinct  eruption  of  basaltic  matter, 
extremely  compact  and  uniform  in  its  texture,  the  drusy  cavities 
smaller  and  much  less  frequent,  rarely  containing  apophyllite, 
and  almost  never  stilbite,  but  having  these  minerals  replaced  by 
gurolite.  In  this  basalt  traces  of  gurolite  arc  by  no  means  un- 
common, but  fine  or  large  specimens  are  decidedly  rare;  and 
the  collector  must  spend  a  considerable  time  in  finding  them ; 
and  when  met  with  they  can  rarely  be  obtained  uninjured,  as 
the  mineral  is  apt  to  fly  to  pieces  in  the  attempt  to  dislodge  it. 
During  my  visit  to  Skye,  the  weather  was  so  extremely  unfa- 
vourable that  I  had  little  opportunity  of  pursuing  the  search  for 
it,  but  I  have  no  doubt  that  it  will  be  found  pretty  generally 
spread  through  the  more  compact  basalts  of  the  neighbourhood. 
I  found  traces  of  it  at  some  distance  from  the  point  at  which  I 
collected  my  specimens;  and  an  old  wall  which  is  passed  in  as- 
cending the  Storr  is  built  of  a  basalt  containing  small  weathered 
specimens  of  the  mineral. 

Gurolite  occurs  in  small  spherical  concretions  composed  of  thin 
plates  radiating  from  a  centre.  The  external  surface  of  each 
concretion  has  an  exceedingly  beautiful  striated  appearance, 
owing  to  the  plates  of  which  it  is  formed  rising  to  irregular  di- 
stances above  the  surface.  Colour  white,  lustre  vitreous,  passing 
into  pearly  when  it  has  been  exposed  to  the  weather.  In  thin 
plates  it  is  perfectly  transparent.  It  cleaves  readily  parallel  to 
the  plates  of  which  the  concretions  are  composed.  It  is  veiy 
tough,  and  cannot  be  reduced  to  powder  without  some  labour. 
Hardness  between  3  and  4. 

Before  the  blowpipe  in  the  matrass  it  gives  off  water,  swells 
up  and  separates  into  thin  plates,  which  have  a  fine  pearly  or 
rather  silvery  lustre.  On  charcoal  it  swells  up,  splits  into  veiy 
thin  laminse,  and  finally  fuses  with  difficulty  into  an  opake 
enamel.  With  borax  it  gives  a  transparent  and  colourless  glass, 
and  with  soda  it  fuses  with  difficulty  into  an  opake  mass.  With 
nitrate  of  cobalt  it  gives  a  feeble  reaction  of  alumina.  It  is 
readily  attacked  by  hydrochloric  acid.  Its  analysis  was  very 
simple ;  the  only  difficulty  experienced  being  in  the  selection  of 
portions  which  had  not  lost  water  by  efflorescence,  and  the  earlier 
experiments  on  this  account  gave  a  variable  amount  of  water. 
The  proportion  of  water  was  determined  by  igniting  one  quan- 
tity in  a  platinum  crucible,  and  another  portion  was  treated  mth 
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hydi'ochloric  acid  in  the  ordinary  way  for  the  separation  of  silicic 
acid  :  the  alumina,  lime  and  magnesia  were  determined  as  usual. 
The  silicic  acid  was  attacked  by  hydrofluoric  acid  and  found  to 
be  pure.  Oxygen. 

Silicic  acid    .     .     .     50-70         26-8G         G 

Alumina  ....       1*48 

Lime 33-24  9-49         2 

Magnesia       .     .     .       0-18 

Water  ....  14-18  12-60  3 
99-78 
If  we  neglect  the  small  quantity  of  alumina  and  magnesia  as 
non-essential  elements,  we  find  the  oxygen  in  the  other  three 
constituents  to  be  nearly  in  the  proportions  of  Q,  2  and  3,  and 
the  mineral  is  consequently  a  hydi'ated  silicate  of  lime  represented 
by  the  fonnula  2(CaO,  SiO^) +3H0. 

The  analysis  shows  a  slight  excess  in  the  amount  of  lime,  and 
deficiency  in  the  silicic  acid  and  water  required  for  the  formula ; 
but  the  latter  is  probably  due  to  partial  efflorescence,  as  I  have 
found  that  gm'olite  loses  water  with  great  facility.  11-201  grs. 
of  it,  di-ied  in  the  water-bath,  lost  0-495  gr.,  equal  to  4-42  per 
cent.  This  corresponds  to  one  equivalent  of  water,  the  calcula- 
tion of  which  gives  5-1  per  cent. ;  so  that  gurolite  dried  at  212° 
is  represented  by  the  formula  2  (CaO,  SiO^)  +  2HO,or  more  simply 
still,  as  a  neutral  silicate  of  lime  with  one  equivalent  of  water. 

In  its  chemical  constitution  this  new  mineral  stands  in  a  very 
simple  relation  to  the  other  silicates  of  lime,  of  which  three  are 
already  known,  one  hydrated  and  two  anhydrous.  Their  fonnulse 
are — 

Wollastonite  (tabular  spar)        .     3CaO,  2SiO^. 
"  Kalk-trisilicat "  of  Gjelleback     CaO,  SiO^. 

Gurolite 2(CaO,  SiO^) -f  3H0. 

Dysclasite  (Okenite)        .     .     .     3CaO,4Si03  +  6HO. 

In  gurolite,  then,  we  have  the  same  compound  of  silicic  acid 
and  lime  as  that  existing  in  the  Gjelleback  mineral ;  in  the  latter, 
however,  it  is  anhydrous,  while  in  the  former  two  equivalents  of 
the  silicate  are  in  combination  with  three  of  water.  Its  relation 
to  dysclasite  is  closer  still ;  in  fact,  by  doubling  its  formula,  the 
difference  is  found  to  consist  only  in  a  single  equivalent  of  lime. 
To  the  latter  mineral  gurolite  approximates  also  in  some  of  its 
physical  characters,  possessing  the  same  toughness  and  difficulty 
of  pulverization,  although  in  a  \ex\  inferior  degree.  Its  crystal- 
lization in  plates  and  not  in  needles,  its  high  lustre,  and  the  ease 
with  which  it  loses  water,  distinguish  it  completely  from  dyscla- 
site, and  render  it  an  exceedingly  distinct,  well-marked,  and  cha- 
racteristic species. 
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XVI.   On  the  Constitution  of  Bebeerine. 
By  Dr.  A.  von  Planta*. 

THE  earliest  observations  on  bebeerine  were  made  by  Dr. 
Rodie  of  Demerara,  in  the  year  1834.  He  discovered  it 
in  the  bark  of  a  tree  known  in  that  colony  by  the  name  of  Be- 
beeru,  which  has  been  since  described  by  Sir  R.  Schombiu'gk, 
and  named  Nedandra  Rodiei  in  honour  of  its  discoverer. 

A  more  minute  investigation,  both  of  its  chemical  and  medi- 
cinal properties,  was  published  by  Dr.  Douglas  ]\Iaclagan  in  the 
year  1843 1-  He  estabhshed  its  basic  properties,  and  described 
its  salts  ;  and  at  a  subsequent  period,  in  concert  with  Dr.  Tilley  f , 
analysed  the  base  itself  and  its  platinum  compound. 

Since  then  no  further  observations  have  been  made  on  bebee- 
rine, although  few  bases  possess  more  interest,  both  on  account 
of  its  medicinal  properties,  which  during  the  last  few  years  have 
brought  it  into  gradually  increasing  use  as  a  substitute  for  the 
cinchona  alkaloids,  and  the  fact  that  the  analyses  of  jMaclagan 
and  Tilley  give  for  it  exactly  the  same  formula  as  that  of  morphia. 
This  constitution,  however,  requires  confirmation;  and  I  have 
accordingly  undertaken  the  reinvestigation  of  bebeerine  in  the 
laboratory,  and  under  the  direction  of  Dr.  Anderson  of  Edinburgh. 

As  bebeerine  occurs  in  commerce  only  in  an  extremely  impure 
state,  I  was  obliged  myself  to  undertake  the  troublesome  and 
laborious  process  of  its  purification.  For  this  purpose  I  made 
use  of  the  sulphate,  which  is  met  with  in  the  shops  m  the  form 
of  dark  brown  uncrj^stalline  scales,  and  I  employed  at  first  the 
same  process  as  that  pursued  by  jMaclagan  and  Tilley  for  the 
preparation  of  the  bebeerine  analysed  by  them.  This  process  is 
as  follows  : — The  impure  sulphate  of  bebeerine  is  dissolved  in 
water,  the  bebeerine  precipitated  by  ammonia,  and,  after  being 
thoroughly  washed,  mixed,  while  still  moist,  with  freshly  preci- 
pitated hydrated  oxide  of  lead.  The  mixture  is  then  carefully 
dried  in  the  water-bath,  exhausted  with  rether  and  distilled, 
when  the  bebeerine  is  left  in  the  form  of  a  light  brown  resinous 
mass,  which  is  dried  and  reduced  to  powder.  By  this  process, 
however,  I  found  it  impossible  to  obtain  a  product  which  could 
be  considered  as  pure.  It  invariably  retained  appreciable  quan- 
tities of  a  substance  resembling  tannin,  the  presence  of  which 
was  most  characteristically  indicated  by  the  action  of  heat.  If 
such  bebeerine,  which  in  powder  is  almost  perfectly  white,  be 

*  Communicated  by  the  Author,  having  been  read  before  the  Royal 
Society  of  Edinbiu'gh. 
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introduced  into  the  water-bath,  it  at  tirst  loses  weight,  but  after 
a  few  hoiu's  begins  to  acquire  a  slight  yellow  colour,  and  by  re- 
maining longer  in  the  water-bath  it  passes  gradually  into  a  dark 
brown,  and  now  in  place  of  losing,  gradually  increases  in  weight 
as  its  colour  becomes  darker.  This  phfenomeuon  was  obviously 
dependent  on  a  slowly  advancing  decomposition  of  the  impurity 
still  retained  by  the  base,  and  rendered  it  necessary  to  seek  for 
some  other  and  better  method  of  purification,  such  as  might 
permit  a  more  intimate  contact  between  the  oxide  of  lead  and 
the  matter  which  adheres  with  such  obstinacy  to  the  bebeerine. 
And  nothing  seemed  more  likely  to  answer  the  purpose  than  to 
mLx  both  substances,  bebeerine  and  oxide  of  lead,  in  solution, 
and  then  to  precipitate  them  simultaneously  from  the  fluid. 

To  this  end  the  already  partially  piuified  bebeerine  was  dis- 
solved in  acetic  acid,  in  which,  however,  it  proved  not  to  be  en- 
tirely soluble,  but  left  behind  a  not  inconsiderable  quantity  of 
organic  matter.  [Pure  bebeerine  is  easily  and  completely  soluble 
in'acetic  acid.]  The  filtered  solution  was  mixed  with  an  excess 
of  solution  of  acetate  of  lead,  and  caustic  potash  gradually  added 
so  long  as  a  precipitate  of  bebeerine  and  oxide  of  lead  was  ob- 
tained. The  precipitate  was  thoroughly  washed  with  cold  water, 
extracted  with  absolute  fether,  and  the  extraction  continued  as 
long  as  the  fether,  on  distillation,  continued  to  give  a  residue  of 
bebeerine  in  the  form  of  a  pale  yellowish  sjTupy  mass.  The 
method  used  for  bringing  this  mass  into  a  state  in  which  it  could 
be  easily  washed  and  di-ied,  was  the  same  as  that  I  had  before 
successfully  employed  for  the  preparation  of  aconitine,  and  de- 
pends upon  the  behaviour  of  bebeerine  with  absolute  alcohol,  in 
which  it  dissolves  easily,  and  cold  water,  in  which  it  is  almost 
totally  insoluble.  A  concentrated  solution  of  the  syrupy  mass 
in  absolute  alcohol  was  poured,  drop  by  drop,  into  a  sufiicient 
quantity  of  water,  which  was  kept  in  constant  motion  by  stirring, 
so  as  to  prevent  the  precipitated  bebeerme  from  getting  into 
lumps.  In  this  way  there  is  formed  an  abundant  flocky  preci- 
pitate, which,  when  collected  on  a  filter,  washed,  dried  and  pul- 
verized, forms  a  perfectly  white  powder.  If  the  process  be  re- 
versed, and  water  poured  into  the  alcoholic  solution  of  bebeerine, 
it  is  impossible  to  prevent  its  running  into  lumps,  which  prevents 
the  thorough  washing  of  the  precipitate. 

Bebeerine  prepared  by  this  process  is  a  perfectly  colourless 
and  inodorous  powder,  persistent  in  the  air,  and  highly  electrical. 
Heated  on  the  platinum  knife  it  melts  easily,  and  yields  a  coal, 
which,  though  veiy  difficultly  combustible,  at  length  disappears 
without  leaving  a  residue.  Heated  in  the  oil-bath,  it  fuses  at  the 
temperature  of  356°  F,  into  a  glassy  mass,  the  weight  of  which  is 
the  same  as  that  of  the  substance  diied  at  250°.     It  presents 
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with  solvents  and  reagents  the  same  characters  as  the  unfused 
bebeerine.  Heated  above  356°,  it  decomposes  without  volatiU- 
zing.  Bebeerine  has  a  distinctly  alkaline  reaction,  and  saturates 
the  acids  completely,  forming  salts  which  are  best  obtained  by 
direct  solution.  Neither  the  pure  bebeerine  nor  its  salts  are 
crystallizable.  In  water  it  is  extremely  insoluble ;  so  much  so, 
that  when  its  alcoholic  solution  is  mixed  with  water,  scarcely  a 
trace  remains  in  solution.  It  is,  however,  soluble  in  almost 
every  proportion  in  alcohol,  less  so  in  sether,  and  in  both  fluids 
its  solubility  increases  with  the  temperature.  Hydrochlorate  of 
bebeerine  presents  the  following  reactions. 

Potash,  ammonia  and  their  carbonates,  throw  down  bebeerine 
as  a  white  flocky  precipitate,  which  remains  suspended  in  the 
fluid,  and  is  not  easily  dissolved  by  excess  of  any  of  those  re- 
agents, but  rather  more  readily  by  the  alkalies  than  by  their 
carbonates.  Bicarbonate  and  phosphate  of  soda  give  flocky  white 
precipitates,  of  which  the  latter  is  easily  soluble  in  hydrochloric 
acid.  Bichloride  of  platinum  gives  a  pale  yellow,  and  terchlo- 
ride  of  gold  a  reddish-brown  precipitate,  both  of  which  are  almost 
insoluble  in  hydrochloric  acid.  Iridio-chloride  of  sodium  and 
iodide  of  mercury  and  potassium  give  precipitates ;  the  former 
ochre-coloured  and  insoluble  in  hydrochloric  acid,  the  latter  pale 
yellow  and  soluble.  In  sufficiently  concentrated  solutions  of 
the  base,  sulphocyanide  and  iodide  of  potassium  give  white,  tinc- 
ture of  iodine  a  kermes-brown,  and  carbazotic  acid  a  yellow  pre- 
cipitate. Corrosive  sublimate  gives  a  white  precipitate,  which 
becomes  more  abundant  by  the  addition  of  small  quantities  of 
hydrochloric  acid  and  chloride  of  ammonium,  but  is  dissolved 
by  a  larger  excess  of  both  reagents,  although  more  readily  by 
hydrochloric  acid.  Infusion  and  tincture  of  galls  give  white 
precipitates,  which  become  more  abundant  by  addition  of  hydro- 
chloric acid,  by  excess  of  which  they  are  not  redissolved.  Iodic 
acid  produces  in  the  cold  a  light  reddish-brown  colour,  which 
soon  becomes  darker,  and  at  length  acquires  a  very  deep  red  hue. 

The  bebeerine  employed  for  analysis  was  from  two  diff"erent 
preparations.  It  was  dried  at  250°,  and  burnt  vAXh.  chromate 
of  lead.     It  was  found  to  be  very  difficult  of  combustion. 

I.  4*629  grs.  bebeerine  gave  12'401  grs.  carbonic  acid  and 
2*840  grs.  water. 

II.  4-373  grs.  bebeerine  gave  11*682  grs.  carbonic  acid  and 
2*761  grs.  water. 

III.  3*743  grs.  bebeerine  gave  9*997  grs.  carbonic  acid  and 
2*330  water. 

The  nitrogen  was  determined  by  Varrentrap  and  Wills^s  me- 
thod. 
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3'797  grs.  bebeerine  gave  2-740  grs.  platinochloride  of  ammo- 
nium, corresponding  to  4-53  per  cent,  platinum. 

I.  II.  III. 

Carbon     .     .     .     7306  72-85  7282 

Hydrogen      .     .       6-80  6-99  689 

Nitrogen  .     .     .       4-53  4-53  4-53 
Oxj^gen    .     .     . 

These  results  correspond  with  the  formula — 

of  which  the  following  is  the  calculation  compared  with  the  mean 
of  experiment*: 


Calculation. 

Mean. 
.     72-91 

A 

Carbon    .     . 

73-31 

C3S 

228 

Hydrogen     . 

.       6-89 

6-75 

H^i 

21 

Nitrogen 

.       4-53 

4-50 

N 

14 

Ox}-gen    .     . 

.     15-67 

15-44 

O''' 

48 

100-00       100-00  311 

Drs.  Maclagan  and  Tilley's  analyses,  when  recalculated  with 
C  =  6,  gave  the  foUo^nng  results  : — 


Experiment. 

A 

Calcvilation. 

A 

r                                     > 
I.            II.           III. 

.     71-63     71-74     71-20 

.       6-33       6-21       6-62 

5-49       3-95 

Carbon 
Hydrogen 
Nitrogen   . 
Oxygen      . 

71-91     C3-5 
6-84    H20 
4-79     N 

16-46     0^ 

210 
20 
14 
48 

10000  292 

Of  the  double  compounds  of  bebeerine  with  the  soluble  chlo- 
rides of  the  noble  metals,  I  found  only  that  with  bichloride  of 
platinum  suited  for  analysis.  The  gold  salt  is  rapidly  decomposed 
by  erposure  to  the  air. 
'  The  platinochloride  of  bebeerine  is  best  obtained  by  pouring 
a  concentrated  solution  of  hydi-ochlorate  of  bebeerine,  di-op  by 
di'op,  into  a  dilute  solution  of  bichloride  of  platinum,  kept  in 
continual  agitation,  by  which  means  it  is  thrown  down  in  a  state 
which  admits  of  its  being  easily  washed.  When  di-ied  and  pul- 
verized, it  has  a  pale  orange-yellow  coloui",  and,  like  the  other 
salts  of  bebeerine,  shows  no  traces  of  crystallization. 

*  Want  of  material  prevented  me  making  a  combustion  with  oxide  of 
copper  and  oxygen  gas.     My  earlier  analyses  of  impure  bebeerine  gave — 
Carbon     .  ' .     .     67-83  71-85 

Hvdi-ogen     .     .       6-38  7-80 
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Dried  at  250°  and  burnt  with  chroniate  of  lead,  it  gave  the 
followan^  results : — 

I.  4269  grs.  ])latinochloride  of  bebeerine  gave  6*890  grs.  car- 
bonic acid  and  1"735  grs.  water. 

II.  6-665  grs.  platinochloride  gave  10-775  grs.  carbonic  acid 
and  2-752  grs.  water. 

III.  9*020  grs.  platinochloride  gave  14*580  grs.  carbonic  acid 
and  3-584  grs.  water. 

IV.  8-280  grs.  platinochloride  gave  13-477  grs.  carbonic  acid 
and  3-258  grs.  water. 

I.  7-823  gi's.  of  platinochloride,  which  had  been  precipitated 
from  an  alcoholic  solution  of  bebeerine,  gave  1*502  platinum. 

A  platinum  salt  precipitated  from  an  aqueous  solution  gave — 

II.  9*38  platinum  salt  gave  1-765  platinum. 

III.  8-333  ])latinum  salt  gave  1-572  platinum. 


Experimeut. 

-A. 

Calculation 

f 
I. 

II.          III. 

1 
IV. 

( 

-t 

Carbon 

43-82 

44-08     44-08 

44-38 

44-08     C38 

228 

HYdi'ogen 

4*49 

4-57       4-41 

4-37 

4-25     H22 

22 

Nitrogen 

2-71 

..• 

... 

2*70     N 

14 

Oxvgen 

,,, 

• ••           • •• 

•  •• 

9*30     0« 

48 

Chlorine 

•  •• 

,,,           , ,, 

... 

20-59     CP 

106*5 

Platinum 

19-10 

18-80     18-80 

... 

19*08     Pt 

98-7 

100-00  517*2 

The  formula  of  the  platinochloride  is  consequently — 
C38  H21 N  0«  HCl,  Pt  CF. 

The  equivalent  of  the  platinum  compound  calculated  from  the 
above  detenninations  of  the  platinum,  gives  in  the  first  instance 
514*6,  that  of  bebeerine  itself  309-4  ;  in  the  second,  524-5  and 
319-3;  in  the  third,  523-2  and  318-0. 

Drs.  ]\Iaclagan  and  Tilley  obtained  for  the  platinum  salt  the 
following  numbers : — 


EjLperiment. 

>^ 

Cal 

culation. 

( 
I. 

42*42 

II.           III. 

Carbon  . 

42*15 

C^      210 

Hvdi-ogen 

4-21 

...            ... 

4-21 

H^i        21 

IVitrogen 

2-53 

...            ... 

2-81 

N           14 

Oxygen 

... 

...            ... 

... 

0«          48 

Chlorine 

... 

•••            ... 

... 

C13    106*5 

Platinum 

1904 

19-20     20-24 

19*8 

Pt       98*7 

498*2 
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The  analyses  of  the  platinum  salt^  taken  in  conjunction  with 
those  of  the  base  itself^  leave  no  doubt  that  the  formula  C^^  ir-^NO^ 
is  the  correct  representation  of  the  constitution  of  bebeerine,  and 
that  the  difference  in  the  results  obtained  by  Maclagau  and  Tilley 
must  depend  on  the  imperfect  purification  of  the  material  em- 
ployed in  theii"  analyses.  The  formula  which  they  have  given  is 
in  itself  improbable,  although  it  was  that  adopted  for  moi'phia 
at  the  time  they  wrote.  The  more  recent  investigations  of  Lau- 
rent have  given  for  that  base  the  constitution  C^  H'^  N  0^,  which 
has  been  confirmed  by  the  analyses  of  Mr.  How  in  this  labora- 
tory ;  and  though  Maclagau  and  Tilley's  analyses  approximate 
to  this  formula  also,  the  difference  is  too  great  to  admit  of  its 
being  received  as  the  expression  of  their  results.  xVlthough  cer- 
tainly not  impossible,  it  would  have  been  very  remarkable  had 
two  bases  so  opposite  in  their  properties  really  possessed  the 
same  constitution. 


XVII.  An  Enumeration  of  the  Contacts  of  Lines  and  Surfaces  of 
the  Second  Order.     By  J.  J.  Sylvester,  M.A.,  F.R.S."^ 

IT  is  well  known  that  in  general  any  two  homogeneous  qua- 
dratic functions  of  the  same  system  of  variables  may  be 
simultaneously  transformed,  so  as  to  be  expressed  each  of  them 
as  pure  quadi'atic  fmictions  of  a  new  system  of  variables  equal  in 
number  and  linearly  connected  with  the  original  ones ;  a  pui-e 
quadi'atic  function  meaning  one  in  which  only  the  squares  of  the 
variables  are  retained. 

Every  homogeneous  quadratic  function  may  be  treated  as  the 
characteristic  t  of  a  locus  of  the  second  degi-ee  :  if  the  function 
be  of  two  letters,  the  locus  is  a  binaiy  system  of  points  in  a  line 
wherein  the  distances  of  two  fixed  points  from  either  point  of  the 
given  system  or  given  multiples  of  such  distances  correspond  to 
the  variables  ;  if  of  three  letters,  the  locus  is  a  conic,  the  distances 
or  given  multiples  of  the  distances  of  every  point  in  which  fi'om 
three  given  lines  in  the  plane  of  the  conic  are  represented  by  the 
variables ;  if  of  four-  letters,  the  locus  is  a  smiace  of  the  second 
order,  the  coordinates  being  the  distances  or  multiples  of  the 
distances  of  any  point  therein  from  four  planes  dra^vn  in  the 
space  in  which  the  surface  is  contained,  and  so  on  for  loci  of  four 
and  higher  dimensions. 

I  propose,  however,  in  the  present  paper  to  restrict  myself  to 

*  Commimicated  bj'  the  Author. 

f  According  to  the  definition  stated  by  me  in  a  pre^'ious  papei",  the  cha- 
racteristic of  a  locus  is  the  function  which,  equated  to  zero,  constitutes  the 
equation  thereto. 
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the  tlieoiy  of  the  contacts  of  loci  not  transcending  the  limits  of 
vulgar  space,  by  which  I  mean  the  space  cognizable  through  the 
senses*,  and  shall  accordingly  be  almost  exclusively  concerned 
in  determining  the  singular  cases  of  conjugate  systems  of  qua- 
di'atic  forms  of  two,  three,  and  four  letters  respectively. 

In  order  that  the  reduction  of  any  such  system,  say  U  and  V, 
to  a  pure  quadratic  form  may  be  possible  (as  it  generally  is),  it 
is  necessary  that  none  of  the  roots  of  the  complete  determinant 
of  U+XV  shall  be  equal;  if  any  relation  of  equality  exist  be- 
tween these  roots,  the  general  reduction  is  generally  no  longer 
possible;  under  peculiar  conditions,  however,  as  will  hereafter 
appear,  in  spite  of  the  equality  of  certain  of  the  roots,  the  irre- 
ducibility  in  its  turn  will  cease,  and  the  ordinary  reduction  be 
capable  of  being  effected.  It  is  easily  seen,  that  to  every  relation 
of  equality  between  the  roots  of  the  determinant  of  U  +  XV  must 
correspond  a  particular  species  of  contact  between  the  loci  which 
U  and  V  characterize.  But  we  should  make  a  great  mistake 
were  mc  to  suppose  that  eveiy  such  relation  of  equality  coiTC- 
sponded  with  but  one  species  of  contact ;  for  instance,  the  cha- 
racteristics of  U  and  V  of  two  conies  are  functions  of  three  let- 
ters, and  I  I  (U+XV)  will  be  a  cubic  function  of  X.  Such  a 
function  may  have  two  roots,  or  all  its  roots  equal :  this  would 
seem  to  give  but  two  species  of  contact,  whereas  we  well  know 
that  there  are  no  less  than  four  species  of  contact  possible  be- 
tween two  conies.  Accordingly  we  shall  find,  that,  in  order  to 
determine  the  distinctive  characters  of  each  species  of  contact,  we 
must  look  beyond  the  complete  determinant,  and  examine  into 
the  relations  (in  themselves  and  to  one  another)  of  the  several 
systems  of  minor  determinants  that  can  be  formed  from  U  +  XV. 

By  pursuing  this  method,  we  nuiy  assign  a  priori  all  the 
possible  species  of  contact  between  any  two  loci  of  the  second 
degi-ee.  How  important  this  method  is  will  be  apparent  from 
the  fact,  that  not  only  have  the  distinctive  characters  of  the 
various  contacts  possible  between  surfaces  of  the  second  order 
never  been  determined,  but  their  number  and  the  natui'c  of  cer- 

*  If  the  impressions  of  outward  objects  came  only  through  the  sight,  and 
there  were  no  sense  of  touch  or  resistance,  \a  ould  not  space  of  three  dimen- 
sions have  been  physically  inconceivable  ?  The  geometiT  of  three  dimen- 
sions iu  ordinaiy  j)arlance  woidd  then  have  been  called  transcendental.  But 
in  very  truth  the  distinction  is  vain  and  futile.  Geometry,  to  be  properly 
imderstood,  must  be  studied  under  a  universal  point  of  view  ;  every  (even 
the  most  elenientaiy  proposition)  must  be  regarded  as  a  fact,  and  but  as  a 
single  specimen  of  an  infinite  series  of  homologous  facts. 

In  this  way  only  (discariUng  as  but  the  transient  outward  fomi  of  a  limited 
portion  of  an  infinite  system  of  ideas,  all  notion  of  extension  as  essential  to 
the  conce)ition  of  geometry',  however  useful  as  a  suggestive  element)  we 
may  hojjc  to  see  accomplished  an  organic  and  vital  development  of  the 
science. 
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tain  of  them  have  remained  until  this  hour  unknown  and  un- 
suspected. 

The  method  which  we  shall  pursue  is  an  exhaustive  one,  and 
^^•ill  conduct  us  by  a  natural  order  to  a  systematic  aiTangement 
of  all  the  different  modes  and  gradations  of  such  contacts. 

In  a  paper  in  this  Magazine  for  November  1850,  I  explained 
the  decline  of  minor  determinants,  and  stated  a  law,  called  the 
homaloidal  law,  concerning  them. 

If  U  and  V  be  characteristics  of  the  two  loci  whose  contacts 
are  to  be  considered,  U  +  XV  will  be  the  function,  the  properties 
of  whose  complete  detemiinant,  and  of  the  minor  systems  of 
deteiTuinants  belonging  to  it,  viiW  sen'e  to  specify^  the  natm-e  of 
the  contact. 

It  will  be  remembered,  that,  whatever  be  the  number  of  vari- 
able letters  in  any  quadi-atic  function  U,  three  of  its  first  minor 
determinants  being  zero,  make  all  the  first  minors  zero ;  sLx  of 
its  second  minors  being  zero,  make  all  the  second  minors  zero  ; 
and  so  on  for  the  third,  foui'th,  &c.  minor  systems  according  to 
the  progi'ession  of  the  triangular  numbers. 

It  is  well  known  that  whatever  linear  transfomiations  be  ap- 
plied to  a  quadi-atic  function  W,  the  complete  determinant  thereof 
wall  remain  unaltered,  except  by  a  multiplier  depending  upon 
the  coefficients  introduced  into  the  equations  of  transformation ; 
consequently  the  roots  of  \  in  the  equation  obtained  by  making 
the  determinant  of  U  +  \V  zero  remain  unaffected  by  such  trans- 
formation ;  and  any  relation  or  relations  of  equality  among  the 
roots  of  the  equation  ]  |  (W  +  X.V)  =0  is  an  immutable  propei-tj- 
of  the  system  U,  Y,  which  is  unaffected  by  linear  transformations. 
Another  and  more  general  kind  of  immutable  property  (com- 
prehencUng  the  above  as  a  particular  case),  to  which  I  shall  ha\e 
occasion  to  refer,  is  the  following. 

Suppose  all  the  minors  of  any  order  of  W  +  W  have  a  factor 
X  +  e  in  common  ;  this  factor  will  continue  common  to  the  same 
system  of  minors  when  U  and  V  are  simultaneously  transfonned. 
This  is  a  very  important  proposition,  and  easily  demonstrated ; 
for  if  X  -f  e  be  a  common  factor  to  all  the  ?th  minors  of  U  +  XV, 
(U  — eV)  will  have  all  its  ?-th  minors  zero,  and  therefore,  as  ex- 
plained by  me  in  the  paper  above  refen-ed  to,  U  —  eV  will  be 
degraded  r  orders  below  U  or  V.  This  is  clearly  a  property  in- 
dependent of  minor  transfomiation,  consequently  X  +  e  will  re- 
main a  factor  of  the  transformed  rth  minors. 

In  like  manner  it  is  demonstrable  that  any  number  of  distinct 
factors  X  +  e^  X  +  ej  .  .  .  .  common  to  the  rth  minors  of  one  form 
of  U  +  XV,  will  remain  common  factors  of  any  other  linearly 
derived  form  of  the  same.  It  is  consequently  necessaiy  that 
each  rib.  minor  of  one  form  of  any  quadratic  function  W  shall 
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be  a  syzygetic*  function  of  all  the  rib.  minors  of  any  other  form 
of  the  same  ;  and  consequently  a  function  of  \  of  any  degree, 
whether  all  its  factors  be  or  be  not  distinct,  which  is  common  to 
the  rth  minors  of  one  form  of  U  +  XV,  will  remain  so  to  the  rth 
minors  of  any  other  form  of  the  same. 

The  law  exhibiting  the  connexion  of  each  rth  minor  of  one 
form  of  W  (any  homogeneous  quadratic  function)  with  all  the 
rth  minors  of  any  other  form  of  W,  will  form  the  subject  of  a 
distinct  communication. 

Finally,  to  fully  comprehend  the  annexed  discussion,  the  fol- 
lowing princi})le  must  be  apprehended. 

If  any  factor  K*^  enter  into  all  the  rth  minors  of  W,  and  if  K' 
be  the  highest  power  of  K  common  to  all  the  (r-|-l)th  minors, 
then  K^'~*  will  be  a  common  factor  to  all  the  (r— l)th  minors. 

Let  r  be  taken  unity;  it  is  easily  provedf  that  the  complete 
determinant  of  any  square  matrix  may  be  expressed  by  the  dif- 
ference between  two  products  J,  each  of  two  first  minor  determi- 
nants decided  by  a  certain  second  minor  determinant.  The  pro- 
portion is  therefore  demonstrated  for  this  case,  and  thereby  in 
fact  implicitly  for  eveiy  case,  inasmuch  as  the  fu'st  minors  of 

*  If  A=j9L-f-ii'M  +  rN  +  &c.,  where  p,  q,  r  .  .  do  not  any  of  them  be- 
come infinite  when  L,  IVI,  N  . .  or  any  of  them  become  zero,  A  may  be  termed 
a  syzygetic  function  of  L,  M,  N.  .  . 

in  the  theorem  above  aUuded  to,  it  ^^^ll  be  sho^^^l  (as  might  be  expected) 
that  the  syzygy  in  the  case  concerned  is  of  the  simplest  kind,  i.  e.  that  each 
rth  minor  of  a  quadratic  fimction  of  any  number  of  letters  is  a  homogeneous 
linear  function  of  all  the  rth  minors  of  the  same  quadratic  function  linearly 
transformed. 

f  This  \^ill  appear  in  my  promised  paper  on  Determinants  and  Quadratic 
Functions. 

X  When  the  matrix  is  s\Tnmetrical  about  one  of  its  diagonals  (as  it  is  in 
the  case  which  we  are  concerned  ^\'ith),  one  of  these  products  becomes  a 
square.  I  may  take  this  occasion  of  hinting,  that  the  tlieoiy  of  quadratic 
functions  merges  in  a  larger  theoiy  of  binary  functions,  consisting  of  the 
sum  of  the  multiples  of  binary  products  formed  by  combining  each  of  one 
set  of  quantities,  x,  y,  z  .  .  .  wth  each  of  the  same  number  of  quantities  of 
another  set,  as  x',  y',  z',  .  .  For  instance, 

axx'+bxy'+exz' 

-\-a'yx'  -\-b'yy'  •\-c'yz' 

+a"zx'+b"zy"+c"zz" 

would  be  a  binarj'  fimction,  and  its  determinant  (no  longer,  as  in  a  quadratic 
fimction,  symmetrical  about  either  diagonal)  would  correspond  to  the  square 
matrix 

a     b     c 

a<    b'    c' 

a"  b"  c". 

Almost  all  the  properties  of  quadratic  apply,  with  slight  modifications,  to 
biuar}'  functions. 
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eveiy  ^th  minor  are  (?"  +  l)tli  minors  of  the  original  matrLx. 
Hence  it  follows,  that  if  any  system  of  rth  minor  determinants 
have  a  common  factor  e',  the  complete  determinant  must  contain 
at  lowest  the  factor  e '■■^''',  and  any  system  of  (r  — s)th  minor 
determinants  thereunto  will  contain  at  lowest  the  factor  e*+'^'. 

I  now  proceed  to  apply  these  principles  to  the  detenniuation 
of  the  relative  forms  of  conjugate  quach'atic  fmictions  represent- 
ing geometrical  loci  of  the  second  order.  I  shall  begin  with  two 
binar}'  systems  of  points  in  a  right  line. 

The  general  characteristic  U  and  V  of  two  such  systems  may 
be  thrown  under  the  form 


} 


} 


'When\  I  (V  +  XU)=:0  has  its  two  roots  equal,  these  sy- 
stems have  a  point  in  common.  The  above  forms  cease  to  be 
applicable,  and  convert  into 

Y^ax-  +  bxi/_ 

where  x  =  0  represents  the  common  point. 

Let  U  and  V  now  represent  two  conies.  ^Mien  there  is  no 
contact,  we  have  as  the  tj-pes  of  theii*  congress 

The  three  roots  of  ~[  (V  +  XW)=0  are 

Xss  —  a     \= — b     X,ss — c, 

showing  that  there  are  three  distinct  pairs  of  lines  in  which  the 
intersections  of  U  and  V  are  contained,  the  equations  to  three 
pairs  being  respectively 

(*-«)/+ (c_cy2  =  0 

{c-b)s^+{a-b)a:^  =  0 

{a^c)a^+{b-c)y^=0  ; 

the  fom'  points  of  the  intersection  being  defined  by  the  equations 
con"esponding  to  the  proportions 

X  -.y:  z  : :  Vb  —  c  •  ^/  c—a  ■  v'a  —  b. 
Now  let  I       I  (U  +  XV)  have  two  equal  roots;  the  character- 
istics assume  the  form 

U^x^  +  i^  +  xz 

V  =  ax^  +  by^  +  cxz*. 

*  We  may  if  we  please  make  a=b;  for  it  may  be  shown  that,  the  equa- 
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Two  of  the  pairs  of  lines  become  identical,  i.  e.  two  of  the  four 
points  of  intersection  coincide. 

This  may  be  termed  "simple  contact."  The  tangent  at  the 
point  of  contact  is  x  =  0 ;  this  equation  making  U  and  V  each 
become  of  only  one  order. 

The  intersections  are 

^=0     y=0 (1.) 

x=0     y  =  0 (2.) 

\^a—c.x+  \/6  — c.y=0.  ..^  =  0.  .     .     (3.) 


\^a  —  c.x—  Vb  —  c.y  =  0...z  =  0.  .     .     (4.) 
These  are  obtained  by  making  V— gU  =  0,  which  gives  a.'=0  or 

2  =  0. 

x=.0  gives  2/^=0,  i.  e.  y  =  0  twice  over,  and  2r=0  gives 

Or-c)A'2+(A-c)/  =  0. 
The  number  of  conditions  to  be  satisfied  in  this  case  is  one  only. 
Next  let  j~[  (U  +  XV)  have  all  its  roots  equal.     This  condition 
^\-ill  be  satisfied  (still  leaving  U  and  V  as  general  as  they  can 
remain  consistent  ^nth  these  conditions)  by  making 

\]^x'^-\-yz  +  yx 
V  =  ax-  +  ayz  +  hyx, 

tions  in  their  present  forms,  contain  an  arbiti-ariness  of  10  degrees ;  viz.  9  on 
account  of  x,  y,  z  being  arbitraiT  linears  oii,r},6 ;  2  on  account  of  the  ratios 
a:b:c;  together  1 1  reduced  by  one  degree  on  account  of  x,  y,  z,  changed  into 
Ix,  ly,  Iz,  leavrngU^O,  V=0  unaffected.  Now  the  degrees  of  arbitrariness  in 
two  conies,  subject  to  satisfy  only  one  condition,  is  2  X  5—  1  or  9.  Hence  there 
is  one  degree  of  arbitraiiness  to  spare.  In  fact,  on  making  a=.b,  the  axis  z 
becomes  the  line  joining  the  tAvo  points  of  intersection  tUstinct  from  the 
point  of  contact ;  x  remaining  the  tangent  at  the  point  of  contact,  and  y, 
strange  to  say,  stdl  arbitraiy,  subject  only  to  passing  through  the  point  of 
contact ;  if,  however,  y  be  made  to  pass  through  the  point  of  contact,  and 
either  one  of  the  distinct  intersections,  this  form, 

U=jr+i/--|-a:2 

becomes  no  longer  tenable,  but  gives  place  to 
U^y-+ya?+aw 
\-=:ay^-\-ayx-\-cxz, 

where  x  is  the  tangent  at  the  point  of  contact,  t  the  line  joining  the  two 
intersections  with  one  another,  and  x,  x-\-y  respectively  the  hnes  joining 
either  of  them  ^^ith  the  point  of  contact ;  if  the  multiplier  of  yj  in  V  in  the 
above  be  made  b  instead  of  a,  (x)  remains  the  tangent  as  before,  y  becomes 
any  line  through  the  point  of  contact,  and  z  any  line  through  one  of  the 
distinct  intersections.  A  systematic  A-iew  of  similar  modulations  of  form 
and  the  study  of  the  laws  of  arbitrariness  connected  \nth  them,  as  apph- 
cable  to  the  general  subject-matter  of  this  paper,  must  be  deferred  to  a  sub- 
sequent occasion. 
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Here  only  one  distinct  pair  of  lines  can  be  drawn  to  contain 
the  intersections,  showing  that  three  out  of  the  four  points  come 
together. 

Tliis  may  be  termed  "Proximal  Contact."  The  number  of 
affirmative  conditions  to  be  satisfied  is  two,  and  the  contact  is 
therefore  entitled  of  the  second  degree. 

The  tangent  at  the  point  of  contact  is  ^  =  0,  and  the  foiu"  in- 
tersections become 

a?  =  0     y-0 
x  =  0     z  =  0. 
These  may  be  obtained  from  the  equation  V — flU  =  0,  which 
gives  y=0  or  z=:0;   the  former  implpng  concurrently  wnth 
itself  x^  =  0,  and  the  latter  yz  =  0. 
Thus  we  obtain  three  systems, 

i  =  0     y=0, 
and  one 

x=:0     z  =  0, 

corresponding  to  three  consecutive  points  and  the  single  distinct 
one. 

The  detei-minant  of  (U  +  XY)  being  only  of  the  third  degree 
in  X,  we  have  exhausted  the  singularities  of  the  system  U,  V 
dependent  on  the  form  of  the  complete  determinant  of  U  +  XV. 

Let  now  the  fii-st  minors  of  U  +  XV  have  a  factor  in  common ; 
this  will  indicate  that  U  +  XV  may  be  made  to  lose  ttco  orders 
by  rightly  assigning  X,  in  other  words,  that  the  intersections  of 
U  and  V  are  contained  upon  a  pair  of  coincident  lines.  Here  it 
is  remarkable  that  the  original  forms  of  U  and  V  reappear,  but 
with  a  special  relation  of  equality  between  the  coefficients :  we 
shall  have,  in  fact, 

V  =  x^  +  y^  +  z^ 
V = ax'^  +  ay^  -f  hz'^. 
This  gives  the  law  for  double,  or,  as  I  prefer  to  call  it,  diploidal 
contact*.     By  \ii*tue  of  the  Homaloidal  law,  we  know  that  if 

*  See  my  remarks  on  the  conditions  which  express  double  contact  in  the 
Cambridge  Journal,  Nov.  1850.  If  n  functions,  being  all  zero,  be  the  con- 
clusion of  a  fact,  but  r  independent  syzygetic  equations  admit  of  being 
fonned  between  these  functions,  the  number  of  alfirmative  conditions  I'e- 
quired  is  not  ?i,  but  in — ;•) ;  because  the  fact  may  be  expressed  by  affirming 
[n—r)  equations  and  deming  certain  others-  Thus  if  P:=0,  Q:=0,  R=0, 
S=:0  express  a  fact,  and 

PP'+QQ'+RR'+SS'=0 

PP"+QQ"+RR"+SS"=0, 
the  fact  is  expressible  by  affirming  P=0,  Q=0,  and  demdng  R'S"— R"S'=0, 
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three  tirst  minors  of  U  +  X,V  be  zero,  all  are  zero;  we  have 
therefore  to  express  that  three  quadratic  functions  of  \  have  a 
root  in  common.  This  im])Hes  the  existence  of  two  affirmative 
conditions  ;  the  contact  of  the  two  conies  taken  collectively  may 
therefore  be  still  entitled  of  the  second  degree,  although  the 
contact  at  each  of  the  two  points  where  it  takes  place  is  simple, 
or  of  the  tirst  degree. 

These  points  are  e\ddently  defined  by  the  equation 

[x-  >v/^  y  =  Q     z-O); 

and  the  ordinaiy  algebraical  solution  of  the  equations  U=0, 
V  =  0  would  uatiu-ally  lead  to  the  foui-  systems 

x-\-  V~.  y  =  0     z  =  0 

x+  \^^-[.y=0     z  =  0 

X—  V  —  l.y  =  0     z  =  0 

x-  x/^.y-0     z=zO', 
the  two  tangents  at  the  point  of  contact  are  a;  +  v'  — lt/  =  0, 
X—  v^  — ly  =  0,  and  the  coincident  pan*  of  lines  containing  the 
intersections  is  2-^=0. 

It  may  at  first  view  appear  strange,  that  whdst  no  condition 
is  required  in  order  that  tJ  and  V  may  be  simultaneously  meta- 
moi-phosed  into  the  forms  of  x'^  +  y'^  +  z''^,  ax'~  +  bz- +  cz'^ ,  a,  b 
and  c  being  all  unequal,  for  this  metamorphosis  to  be  pos- 
sible when  any  two  become  equal,  not  one  but  two  conditions 
must  be  satisfied.  The  reason  of  this  is,  that  the  coefficients  of 
transformation,  which,  as  well  as  c,  b,  c,  are  functions  of  the 
coefficients  of  the  given  quadratic  functions,  become  infinite  on 
constituting  between  the  said  coefficients  such  relations  as  are 
necessaiy  for  satisfying  the  equation  a  =  b,  or  a  =  c,  or  b  =  c,  ex- 
cept upon  the  assumption  of  some  further  particular  relations 
between  them  over  and  above  that  implied  in  such  equality. 

In  the  ordinaiy  case  of  diploidal  contact,  the  tirst  minors 
having  a  factor  in  common,  the  complete  determinant  of  U  +  XV, 
this  factor  will  enter  twice  into  the  complete  determinant  of 
W  +  XV;  but  it  may  enter  three  times  :  this  will  indicate,  that 
not  only  do  the  four  intersections  lie  on  a  coincident  pair  of 
lines,  but  furthermore,  that  there  is  but  one  pair  of  lines  of  any 
kind  on  which  they  lie. 

for  then  P=(),  Q=0  will  imply  R=0,  S=0;  or,  in  like  manner,  by  affirm- 
ing any  other  two  out  of  the  four  necessaiy  equations,  and  denying  the  other 
equations.  Observe,  however,  that  all  the  required  equations  rnay  coexist  in 
the  absence  of  such  right  of  denial. 
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In  the  ordinary  case  of  diploidal  contact,  it  will  be  obsei-ved 
that  their  latter  condition  does  not  obtain  ;  the  four  intersections 
lie  on  a  coincident  pair  of  lines ;  but  they  lie  also  on  a  crossing 
pair,  namely,  in  the  two  tangents  at  the  points  of  contact.  In 
this  higher  species  of  diploidal  contact,  it  is  clear  that  the  two 
points  of  contact,  which  are  ordinarily  distinct,  come  together, 
and  that  all  four  intersections  coincide. 

This  I  call  confluent  contact ;  the  forms  of  U  and  V  con'e- 
sponding  thereto  will  be 

\z=ay'^-\-axz ; 

the  common  tangent  at  the  point  of  contact  being  x^O,  and  the 
four  coincident  points  a:^  =  0,  y^=0. 

The  number  of  affirmative  conditions  to  be  satisfied  being 
three,  the  contact  is  to  be  entitled  of  the  third  degree. 

Obsene,  that  it  is  of  no  use  to  descend  below  the  first  minors 
in  this  case ;  because  the  second  minors,  being  minor  functions 
of  \,  could  not  have  a  factor  in  common,  unless  V  :  U  becomes  a 
numerical  ratio,  which  would  imply  that  the  conies  coincided*. 

Fortified  by  the  successful  application  of  our  general  prin- 
ciples to  the  preceding  more  familiar  cases  of  contact,  we  are 
now  in  a  condition  to  apply  with  greater  confidence  the  same 
a  priori  method  to  the  exhaustion  and  characterization  of  all  the 
varied  species  of  contact  possible  between  surfaces  of  the  second 
order ;  a  portion  of  the  subject  comparatively  unexplored,  and 
never  before  thought  susceptible  of  reduction  to  a  systematic 
aiTangement. 

AYhen  there  is  no  contact,  we  may  write 
U=a;2  +  y2  +  ^2^;2 

'V=iax^  +  hy'^-\-cz^  +  dt^, 

and  the  intersection  of  the  smfaces  will  lie  in  each  of  the  four 
cones 

{a-d)x-+{b-d)y^+{c-d)z''-  =  Q 

{a-c)x'^+{h-c)y^-\-{d-c)t^=Q 

{a-b)x^+  {c-b)z^  +  {d-b)  t^  =0 

{b-a)i/+{c-a)z^+{d-a)t^  =  0. 

Whenever  the  sm-faces  are  in  contact,  certain  of  these  cones 

will  coincide  ^ith  certain  others,  so  that  then*  number  will  be 

always  less  than  fom\     Also,  as  we  shall  find  in  such  event, 

they  may  degenerate  into  pairs  of  intersecting  or  coincident 

planes. 

*  No-contact  and  complete  coincidence  may  be  conceived  as  the  two 
extreme  cases  in  the  scale  of  relative  conjugate  forms. 
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Let  us  begin  \\itli  considering  the  cases  of  contact  for  which 
the  first  minor  (and  consequently  a  fortiori  the  minors  inferior 
to  the  first)  have  no  factor  in  common. 

Here  I       |  (V  +  XU)  is  a  biq\iadratic  function. 

If  X  have  all  its  roots  unequal,  we  have  U  and  V  as  above  given. 

If  two  roots  are  equal,  the  characteristics  assume  the  form 

Y^ax^  +  hz^'  +  cz'^  +  dxt 

The  touching  plane  is  a'  =  0 ;  the  point  of  contact  is  x^=0,  y  =  0, 
r  =  0  ;  the  cuiTe  of  intersection  is  one  of  the  fourth  degree,  with 
a  double  point  at  the  point  of  contact. 

Tliere  is  but  one  condition  to  be  satisfied,  and  the  contact  may 
be  entitled  "  simple  "  and  of  the  first  degree. 

Next  let  \  have  three  equal  values,  the  equations  become 

\J=zx^  +  ys  +  t^  +  xi/ 
Y=x^  +  7/z  +  at'^  +  bxy. 

The  tangent  plane  at  the  point  of  contact  y=0,  and  the  point 
itself  a'  =  0,  y  =  0,  /  =  0.  The  curve  of  intersection  is  a  curve  of 
the  fourth  order,  with  a  cusp  at  the  point  of  contact.  The 
number  of  affirmative  conditions  to  be  satisfied  is  two  ;  the  con- 
tact is  of  the  second  degree,  and  may  be  termed  "  proximal  "  or 
cuspidal. 

Next  let  I  I  (U  +  XY)  have  two  pairs  of  equal  roots,  we  shall 
find 

'[]  =  x'^  +  xij  +  zt 

Y = ayz  +  bxy  +  czt. 

The  line  a?=0,  2'=0  vnW.  be  common  to  both  sm-faces.  The 
curve  of  intersection  wall  therefore  break  up  into  a  right  line  and 
a  line  of  the  third  order. 

The  former  will  meet  the  latter  in  two  points,  which  will  be 
each  of  them  points  of  contact.  The  contact  is  therefore  di- 
ploidal ;  but  as  there  is  another  species  of  diploidal  contact  to 
W'hich  Ave  shall  presently  come,  it  will  be  expedient  to  charac- 
terize each  of  them  by  the  nature  of  the  intersections  of  tlie  two 
surfaces ;  accordingly  this  may  be  teraied  unilinear-intersection 
contact,  or  more  briefly,  unilinear  contact. 

The  number  of  affirmative  conditions  to  be  satisfied  being  2,  it 
may  be  said  to  be  collectively  of  the  second  degi'ee,  but  (obn- 
ously  ?)  the  contact  at  each  of  the  two  points  is  of  the  nature  of 
simple  contact. 

Lastly,  let  us  suppose  that  all  four  roots  of  U  +  XV  are  equal : 
we  shall  find,  as  the  most  simple  expressions  of  the  most  general 
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forms  of  the  two  sui'faces, 

V  =  x^-\-xij-\-yz-\-zt 
\=axi/  +  bz^  +  azt. 
In  tills  case  the  two  points  of  intersectiou  of  the  curve  of  the 
thu'd  degree,  and  the  right  line  on  which  the  surfaces  intersect, 
come  together,  so  that  the  right  line  becomes  a  tangent  to  the 
curve.  The  number  of  conditions  to  be  satisfied  is  three  :  there 
is  but  one  point  of  contact  which  may  be  considered  as  the  union 
of  two  which  have  coalesced,  and  the  species  may  be  defined  as 
conlluent-unilinear  contact . 

If  we  throw  the  equations  to  the  conoids  haAmig  an  unilinear 
contact  into  the  form 

x{x  +  i/)+zt=0 
xij  +  z{i/  +  ct)=0, 
we  obtain 

{a;  +  y){y+ct}^l/t  =  0, 

which  last  equation  is  no  longer  satisfied  by  a:=0,  2-=0,  these 
systems  of  roots  having  been  made  to  disappear  by  the  process 
of  elimination. 

The  curve  of  the  third  degree,  in  which  the  two  given  conoids 
intersect,  may  thus  be  defined  as  their  common  intersection  with 
the  new  conical  surface  defined  by  the  third  of  the  above  equations. 

!More  generally,  it  is  apparent  that  the  three  conoids, 
.vu  — ?/^  =  0^ 
]/v — rM  =  0  > 
zt—xv  =  OJ 
in  which  .r,  y,  z,  t,  u,  v  may  any  of  them  be  considered  as  a  ho- 
mogeneous linear  function  of  foiu'  others,  intersect  in  the  same 
line  of  the  third  degree.     Besides  which,  the  first  and  second 
intersect  in  the  right  line  y,  u  ;  the  second  and  third  in  z,  v ; 
the  third  and  fii'st  in  ce,  t ;  each  of  which  Imes  it  is  evident  is  a 
chord  of  the  common  curve  of  intersection.     For  instance,  y  =  0, 
u  =  0  may  be  satisfied  concurrently  -u-ith  all  the  above  three  equa- 
tions by  satisfying  the  equation  zt  —  a:v=^0,  which,  as  two  linear 
relations  exist  originally  between  the  six  letters,  and  two  more 
have  been  thrown  in,  becomes  a  quadi'atic  equation  between  any 
two  of  the  letters. 

The  only  case  of  exception  to  this  reasoning  is,  when  y  =  0, 
u=zO  can  be  satisfied  concurrently  with  ^  =  0,  v  =  0,  and  with 
z  =  0,  t  =  0;  but  in  this  case  the  surfaces  all  become  cones;  and 
as  there  is  no  longer  a  curve  of  the  third  degree,  "  Cadit  qusestio.^' 
Even  here,  however,  the  intersection  of  any  two  of  the  sm*faces 
becomes  a  conic,  and  two  coincident  generating  lines  on  the  two 
cones  ;  so  that  if  we  take  one  of  these  and  the  conic  to  represent 
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a  degenerate  form  of  a  line  of  the  third  degree,  the  remaining 

straight  line  passes  through  a  double  point  of  such  degenerate 

form,  and  the  case  passes  into  that  of  confluent  unilinear  contact. 

The  two  double  pomts  in  the  intersection  of  the  two  conoids 

\]  =  x{x  +  i/)+zt=0 

Y=ixi/  +  z{y  +  ct)=0, 

by  which  I  mean  the  points  of  intersection  of  the  conic  with  the 

right  line  common  to  them,  is  found  by  making  a;  =  0,  2^  =  0, 

and  substituting  in  the  derived  equation 

{x  +  !/){ij-^ct)-ti/=0, 
which   gives  y=0,  or  7/+ (c  — 1)^  =  0;  so  that  the  two  points 
requu-ed  are 

a;  =  0     y  =  0  ^=0 

x=0     7j={l-c)t   z  =  0. 
It  appears  also  that  the  entire  intersection  is  contained  in  each 
of  the  two  cones, 

U-V,  i.  e.  .TV^((l-c)/-y) 
and 

cU— V,  i.  e.  cx'^  +  y(j^c  —  \)x  —  z^, 

the  respective  vertices  of  which  are  at  the  points  above  deter- 
mined. 

The  equations  for  confluent  unilinear  contact, 

x[x-y)+z[tj  +  t)=0 

xy-\-z{cz-\-t)=^0, 
give 

{x-\-y){cz  +  t)-{y-^t)y=0; 

which,  on  making  x=^0,  z=0,  is  satisfied  by  2/^=0;  showing 
that  the  confluence  takes  place  at  the  point 

^'=0     y  =  0     z  =  0. 

The  number  of  terms  in  the  two  equations  for  ordinary  uni- 
linear contact  being  six,  and  in  those  given  for  confluent  unili- 
nears  seven,  and  the  em})irical  rule  in  all  other  cases  being  that 
the  terms  tend  to  diminish  and  never  increase  in  number  as  the 
degree  of  the  contact  (expressed  by  the  number  of  conditions  to 
be  satisfied)  rises,  I  am  led  to  suspect  that  the  conjugate  system 
for  the  latter  species  of  contact  may  admit  of  being  reduced  to 
some  more  simple  form. 

I  must  state  here  once  for  all,  that  all  the  distinct  systems  of 
(at  least  consecutive)  conjugate  forms  that  have  been,  and  will 
be  given,  are  mutually  untransformable.  This  it  is  which  di- 
stinguishes singular  from  particular  fprms. 

A  particular  form  is  included  in  its  primitive ;  but  a  singular 
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,fonn  is  one^  whichj  while  it  responds  to  the  same  conditions  as 
some  other  more  general  iovm.,  is  incapable  of  being  expressed  as 
a  particular  case  of  the  latter^  on  account  of  the  additional  con- 
dition or  conditions  which  attach  to  it.^ 

I  pass  now  to  the  singularities  which  arise  fi"om  the  first  minor 
determinants  of  U  +  A-V  having  a  factor  in  common,  the  second 
minors  being  sujjposed  to  be  still  ^"ithout  a  common  factor. 

^ATien  this  common  factor  is  linear  in  respect  to  \,  let  it  be 
supposed  to  enter  not  more  than  twice  (twice,  we  know,  by 
the  general  pinnciple  enrmciated  at  the  commencement  of  this 
paper,  it  must  pass)  into  the  complete  determinant. 

Two  of  the  cones  containing  the  intersection  of  U  and  V  then 
become  coincident,  and  degenerate  each  into  the  same  paii-  of 
crossing  planes.  This  may  be  termed  biplanar-contact.  The 
characteristics  of  such  contact  are 

V  =  aa^  +  af  +  bz^  +  ct^; 

the  points  of  contact  are  two  in  number,  being  at  the  intersec- 
tion of  the  two  plane  conies  into  which  the  curve  of  intersection 
breaks  up.  The  two  planes  in  which  these  lie  are  given  by  the 
equation  {b  —  a)z'^+{c—a)t^  =  0;  these  intersect  in  the  right 
line  ^  =  0,  ^  =  0,  which  meets  both  sm*faces  in  the  same  two 
points, 

z=0     t=0     x-V^-ii/^O; 
the  two  common  tangent  planes  at  these  points  being 

x+  \/  —  lij=0    X—  v^  — 1?/  =  0 
respectively. 

This,  then,  is  another  species  of  double  contact  between  two 
conoids,  and,  as  far  as  I  know,  the  only  kind  hitherto  recognized 
as  such.  The  number  of  conditions  to  be  satisfied  remains  two^ 
as  in  the  fonner  species. 

Next  suppose  that  the  common  factor  of  the  fii'st  minor  enters 
thi'ee  times  into  the  complete  detenninant  instead  of  twice  only, 
as  in  the  last  case. 

The  coiTcsponding  characteristics  wiU  be  found  to  be 

V  =  x'^-\rzt^y--^s^ 

V  =  ca?2  +  azt  +  hif-  +  c^^. 

The  intersection  of  U,  V  still  lies  in  two  planes, 

but  the  intersection  of  these  two  planes, 

y=0     5-=0, 
K2 
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meets  the  surfaces  in  the  two  coincident  points, 
y=0     r=0     a-  =  0. 

This,  therefore,  I  call  confluent-biplanar  contact ;  the  two 
conies  constituting  the  complete  intersection,  instead  of  cutting, 
touch  and  at  their  point  of  contact  the  two  conoids  have  a  con- 
tact of  a  superior  order.  The  conditions  to  be  satisfied  for  this 
case  are  three  in  number. 

Next  suppose  that  the  common  factor  of  the  first  minors  enters 
only  twice  into  the  complete  determinant,  but  that  the  remaining 
two  factors  became  equal. 

Here  the  analytical  characters  of  unilinear  and  biplanar  con- 
tact are  blended  ;  in  fact,  the  intersection  consists  of  a  conic  and 
a  pair  of  right  lines  meeting  one  another  and  the  conic.  The 
characteristics  are 

V  =  a;'^  +  f  +  z^  +  zt 

V  =  ax^  +  ai/+bz^  +  czt. 
The  intersection  is  contained  in  the  two  planes 

z  =  0{b-a)z+{c-a)t=0, 

and  consists  of  the  two  lines  r  =  0,  z'^  +  7j'^  =  0,  lying  in  the  com- 
mon tangent  plane  z  =  0,  and  the  conic 

{b—a)z—{c—a)t  =  0  \ 

{a-c)x^--\-{a-c)f+{b-c)z^-  =  0f 

There  are  three  points  of  contact,  viz.  the  point  ,r=0,  y  =  0, 
rr  =  0,  where  the  two  right  lines  cut,  and  a!^-\-rj^  =  0,  t  =  0,  z  =  0, 
where  these  lines  meet  the  conic.  This,  then,  is  a  case  of  triple 
contact.  I  distinguish  it  by  the  name  of  bilinear-contact.  The 
number  of  conditions  is  still  three. 

Now  all  else  remaining  as  before,  let  the  two  pairs  of  equal 
roots  in  the  complete  determinant  become  identical,  or,  in  other 
words,  let  the  common  factor  of  the  first  minors  be  continued 
four  times  in  the  complete  determinant.  The  characteristics 
become 

V  =  xz  +  xt  +  i/  +  z- 

V = axz  +  bxt  +  bif  -h  bz"^. 
The  intersection  becomes  the  two  right  lines 

and  the  conic 

;r=0     ^2^2/2  =  0. 

All  these  meet  in  the  same  point, 

A'  =  0     y  =  0     .^  =  0; 

so  that  instead  of  contact  in  three  points,  the  contact  takes  place 
about  one  only,  in  which  the  three  may  be  conceived  as  merging. 
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This  I  call  confluent-bilinear  contact.  It  requires  the  satisfac- 
tion of  four  conditions. 

Next  let  us  suppose  that  the  t\A'o  distinct  factors  are  common 
to  each  of  the  first  minors,  lliis  ^"ill  imply  the  existence  of 
fom-  affirmative  conditions. 

The  complete  determinant  will  of  necessity  contain  each  of 
these  factors  twice,  so  that  no  additional  singularity  can  enter 
through  this  determinant.     The  characteristics  assume  the  form 

Y  =  ax-  +  aif-  +  hz"^  +  ht-. 
The  two  surfaces  will  meet  in  four  straight  lines,  forming  a  wry 
quadiilateral,  whose  equations  are 

^±  \/^-lt=0. 
These  intersect  each  other  in  the  four  pomts 
a?=0     ^  =  0     z^-\-t^  =  0 

each  of  which  will  be  a  distinct  point.  This  I  term  quadiihnear 
contact. 

Now  let  the  two  factors  common  to  each  of  the  fii-st  minors 
become  identical ;  so  that  a  squared  fimction,  instead  of  an  ordi- 
naiy  quadratic  function  of  X,  is  now  their  common  measure. 

The  factor  which  enters  twice  into  each  of  the  first  minors 
■s\ill  enter  four  times  into  the  complete  determinant ;  the  number 
of  conditions  to  be  satisfied  is  one  more  than  in  the  preceding 
case,  namely  five,  and  the  characteristics  become 
V^x^  +  if  +  xz  +  ijt 
V  =  ax^  +  by-  -f-  cxs  +  cyt. 

Here  arises  a  singulaiity  of  form  in  the  intersections  utterly 
unlike  anything  which  has  been  remarked  in  the  preceding  cases. 
For  it  will  not  fail  to  have  been  obseiTcd,  that  the  intersection 
iu  the  nine  preceding  cases  v."as  always  a  line  or  system  of  lines 
of  the  fourth  degree,  so  as  to  be  cut  by  any  plane  iu  fom-  points. 

But  in  this  case,  the  fact  of  the  tu'st  minor  having  a  factor  in 
common,  shows  that  the  intersection  is  contained  in  two  planes 
(which  is  of  course  to  be  A-iewed  as  a  degenerate  species  of  cone)  ; 
and  the  fact  of  the  complete  determinant  ha^ing  all  its  roots 
equal,  shows  that  there  is  but  one  system  of  a  pair  of  planes  in 
which  the  intersection  is  contained,  and  no  more. 

So  that  the  two  pairs  of  planes,  into  which  the  wry  quadi'da- 
teral  was  di\isible  in  the  case  immediately  preceding,  now  become 
a  single  pair.  This  can  only  be  explained  by  two  of  the  opposite 
sides  of  the  quadiilateral   becoming  indefinitely  near  to  one 


184  Mr,  J.  J.  Sylvester's  Enumeration  of  the 

another,  but  still  not  coinciding  in  the  same  planes  ;  so  that  the 
actual  visible  or  quasi- visible*  intersection  will  be  in  three  right 
lines,  of  which  the  middle  one  meets  each  of  the  two  others. 

This  will  further  appear  by  proceeding  regularly  to  solve  the 
equations 

U  =  0     V  =  0.        

V—cU  =  0  gives  y=  ±Ka7,  where  K=\/^Il£    and  therefore 

V    c—o 

a'z  +  ka^t  =  0,  or  xz  —  kxt  =  0;  whence  we  see  that  the  complete 

intersection  is  represented  by  the  lines 

(a?=0     y=0);  {z  +  kt=0     y—kx=0) 

{a?=0     y  =  0);  {z-kt  =  0     y  +  /:a?  =  0), 

showing  that  there  are  but  three  physically  distinct  lines,  as 

already  premised. 

This,  then,  may  be  considered  as  derived  from  the  preceding 
case  of  a  wiy  quadiilateral  intersection,  by  conceiving  two  oppo- 
site sides  of  the  quadiilateral  to  come  indefinitely  near,  but 
without  coinciding. 

Let  these  two  lines  be  called  P  and  P' ;  take  any  point  in  P 
and  any  two  points  in  P'  indefinitely  near  to  one  another  and  the 
point  fu'st  taken,  then  this  indefinitely  small  plane  will  be  com- 
mon to  both  surfaces,  and  consequently  they  ought  to  touch 
along  eve)'i/  point  in  the  line  P.  This  is  again  confii-med  by  the 
forms  given  to  U  and  V.  For  at  any  point  where  the  coordi- 
nates are  0,  0,  ^,  0  the  equations  to  the  tangent  planes  to  the 
two  surfaces  respectively  are 

c^a^  +  cdi/  =  0, 
that  is  to  say,  are  identical. 

\^^lilst,  therefore,  certain  groimds  of  geometrical,  and  still 
stronger  grounds  of  analytical  aualog)'^,  might  seem  to  justify 
this  species  of  contact  taking  the  name  of  confluent  quadi'ilinear, 
yet  as,  in  fact,  the  intersection  is  trilinear,  and  as,  moreover,  the 
two  indefinitely  proximate  lines  must  be  considered,  not  as  coin- 
cident, but  as  tiuTied  away  from  one  another  through  an  indefi- 
nitely small  angle  and  out  of  the  same  plane,  I  prefer  to  take 
advantage  of  this  striking  property  of  contact  at  every  point  along 
a  line  (a  property  entirely  distinct  from  any  that  we  have  yet 
considered),  and  confer  upon  the  species  of  contact  we  have  been 
considering  the  designation  of  unilinear-indefinite  contact. 

AAlicrc  the  line  of  indefinite  contact  meets  the  two  other  lines 
of  the  intersection,  the  contact  is  of  course  of  a  higher  order ; 
thus  offering  a  parallel  to  what  takes  place  in  ordinaiy  unilinear 

*  I  use  the  term  quasi-visible,  because  the  intersection  may  become  in 
part  or  whole  imaginaiy. 
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contact,  in  whicli  there  is  no  contact,  except  only  at  two  points  of 
the  right  line  forming  part  of  the  complete  intersection. 

I  beheve  that  this  kind  of  contact,  which  foi-ms  a  natural 
family  with  two  others  about  to  be  described,  and  which  wdll  close 
the  list,  has  never  before  been  imagiaed,  and  would  at  fii-st  sight 
have  been  rejected  as  impossible. 

Ha\-ing  now  exhausted  the  cases  of  the  fii-st  class,  in  which 
the  minors  have  no  factor  in  common,  and  the  two  sections  of 
the  second  class,  in  which  the  second  minors  have  no  common 
factor,  but  the  first  minors  of  U  +  XV  a  linear  or  quadi-atic  func- 
tion of  \  in  common,  I  descend  to  the  third  class,  in  which  the 
second  minors,  which  are  quadi-atic  functions  of  \,  are  supposed 
to  have  a  common  factor. 

This  common  factor  must  enter  twice  into  each  of  the  first 
minors  by  nrtue  of  the  law  previously  indicated,  and  cannot  enter 
more  than  t^-ice,  as  othei-^'ise  the  first  minor  of  U  +  XV  coidd 
only  difi"er  from  one  another  by  a  numerical  multiplier,  which  is 
obviously  impossible,  except  when  U  +  W  is  of  the  form(A;  +  \)U, 
i.  e.  when  the  two  surfaces  coincide. 

Again,  the  common  factor  of  the  fii'st  minor  must  enter  three 
times  into  the  complete  determinant ;  but  there  is  no  reason  why 
it  may  not  enter  four  times,  and  thus  two  cases  arise.  In  the 
first,  the  characteristics  take  the  form 

U  =  a?2  +  |/2  +  ^2_f.^2 

Y  =  ax'^  +  az^+az^  +  bt^. 
The  second  determinant  ha\-ing  a  factor  in  common,  shows  that 
the  intersection  U,  Y  is  contained  in  a  pair  of  coincident  planes ; 
but  the  complete  determinant,  ha\-ing  two  distinct  factors,  evi- 
dences that  these  plane  intersections,  newed  as  indefinitely  near 
but  still  distinct,  lie  in  the  same  cone,  which  will  be  a  cone  en- 
veloping both  the  sui'faces  U  and  V  all  along  their  mutual  inter- 
sections. This  is  also  seen  easily  from  the  forms  of  U  and  V ;  for 
we  have  Y  —  a  JJ  =  {b  —  a)t'^,  which  proves  that  the  intersection 
lies  in  the  coincident,  or,  to  speak  more  strictly,  consecutive 
plane  t^  =  0;  and  at  any  point  ir  =  ^,  y='/7,  5-  =  ^,  the  tangent 
plane  to  each  surface  becomes 

As  there  are  six  independent,  i.  e.  non-necessarily  co-evanes- 
cent second  minors,  that  the  second  minor  system  shall  all  have 
a  common  factor,  implies  the  satisfaction  of  five  conditions.  This 
species  of  contact  I  call  ciu-v-ilineo-indetuiite ;  it  is,  I  believe,  the 
only  kind  of  indefinite  contact  between  two  surfaces  of  the  second 
order  hitherto  taken  account  of. 

There  is  still,  however,  a  higher  species  of  contact,  videlicet, 
when  all  the  four  roots  of  the  complete  determinant  of  U  +  XV 
are  identical  wdth  the  root  common  to  each  of  its  second  minors. 
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In  tliis  case  the  common  enveloping  cone  becomes  identical  with 
the  plane  (considered  as  a  coincident  pair  of  planes)  in  which 
the  surfaces  intersect. 

The  characteristics  take  the  form 

'[]  =  x^-\-xij-\-zt 
V=         xy  +  zt. 

Tlie  intersection  is  contained  completely  in  the  common  tan- 
gent plane  x  =  Q,  and  consists  of  the  two  right  lines, 
{x  =  0     r  =  0) 
(^  =  0     /  =  0). 

This,  the  highest  and  cro^\^ling  species  of  contact,  I  call  bili- 
neo-indetinite.     It  is  detiued  by  six  conditions. 

At  each  point  of  the  two  lines  of  intersection  of  U  and  \  there 
is  contact,  and  a  veiy  peculiar  species  of  contact  at  the  intersec- 
tion of  these  two  lines  themselves. 

To  form  a  distinct  idea  of  this,  let  the  physical  visible  or 
quasi-visible  intersection  of  U,  A'  take  place  along  the  two  lines 
L,  M ;  the  rational  intersection  miist  be  conceived  as  made  up 
of  the  wry  quadrilateral,  L,  M ;  L',  M',  in  which  L  is  indefi- 
nitely near  to  L',  and  Isi  to  M'.  It  follows,  therefore,  that  there 
is  contact  at  the  four  angles  of  the  quadrilateral ;  but  as  there  is 
nothing  to  fix  the  relative  directions  of  the  diagonal  joining  the 
intersection  of  L  and  JNI  to  that  of  L'  and  M',  because  there  is 
nothing  to  restrict  the  position  of  the  latter  point,  except  that 
it  shall  lie  upon  either  surface*,  it  appears  that  not  only  is  there 
contact  at  the  junction  of  the  two  lines  constituting  the  complete 
intersection  of  the  two  surfaces,  but  that  these  surfaces  continue 
to  touch  at  consecutive  points  taken  all  round  this  fii'st,  and  in- 
definitely near  to  it  in  any  direction  f. 

Bilineo-indefinite  (the  highest)  contact  for  two  conoids  is 
strictly  analogous  to  confluence,  the  highest  species  of  contact 
between  conies.  For  this  latter  may  be  conceived  as  an  inter- 
section made  up  of  two  coincident  pairs  of  coincident  points ; 
and  the  former,  as  an  intersection  made  up  of  two  coincident, 
pairs  of  crossing  right  lines ;  and  a  pair  of  crossing  lines  is  to  a 
plane  locus  of  the  second  degree  what  a  coincident  pair  of  points 
is  to  a  rectilinear  locus  of  the  same  degree. 

In  the  subjoined  table  I  have  brought  under  one  point  of  view 
the  characters  and  algebraic  forms  which  I  call  the  condensed 
fo7'ms  coiTcsponding  to  each  species  of  contact  above  detailed. 

*  This  will  be  better  seeu  by  reference  to  the  analogy  presented  by  the 
case  when  the  two  conoids  touch  all  along  a  curve.  The  rational  intersec- 
tion is  made  up  of  this  curve  and  another  indelinitely  near  it.  The  two 
curves,  whatever  be  the  position  of  their  node,  Avill  lie  in  the  same  enve- 
loping cone,  so  that  the  position  of  the  node  is  indeterminate. 

t  As  the  two  surfaces  jut  one  close  into  the  other  at  this  point,  it  would 
perhaps  be  not  improper  to  designate  the  contact  at  such  point  as  lunbilical. 
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A.  Quadi-atic  loci  in  a  right  line. 

Simple  contact. l-^y 
One  condition,  _J,^■2_|_^y, 

B,  Quadratic  loci  in  a  plane. 
1st  Class, 

Simple  contact.\'^'^  +  Z/H2'^ 
One  condition.J  fl^2^^y2^gj^2 

Proximal  contact.!  x^  +  rjx-\-if' 


'J  as 


Two  conditions./ aa?^  +  «ya;  +  %^. 
2nd  Class. 
Diploidal  contact,  \^^  +  y-  + 2^^ 
Two  conditions.  J  ax'^  +  ay^  +  hz^. 

Confluent  contact .  \  a;^  +  y^  +  xz 
Three  conditions.  J  y2_j_  ^2-. 

C.  Quadi-atic  loci  in  space, 
1st  Class, 

Simple  contact,"!  ^^  +  y V  ^H  xt        "1 
One  condition.  J  «a?^  +  hif-  +  c~^  +  dxtj 

Proximal  contact,\'^^^  +  ^^  +  ^t  +  ^t        '\ 
Two  conditions.  J  ax"^  +  Irf  -}-  cxt  +  azt  f 

Unilinear  contact.    "1    ,21         1  ~/        1 
1st  species  of  diploidal.  >'  J     "  y 

Two  conditions.     J  ayz  +  bzy  +  czt  J 

Confluent-unilinear,  1  ^2  ,  ,  ,^  _}.  ^.y  ^  ^i  1 
or  triple  contact.        y        J-^       J  y 

Three  conditions.     ]  az'^'  +  bxy  +  bzt   J 

2nd  Class,  1st  Section. 
Biplanar  contact,     "1  .^,0  ,    2  ,  ^2^^2         -1 
2nd  species  of  diploidal,  >'        J      "  y 

Two  conditions ,      J  ax"^  +  ay^-{-bz''--\-  ct'^  J 

Confluent-biplanar  con-  \x'^  +  zt-\-  y"^  +  ^'         \ 
tact,  Threeconditions,j  Q^2  1  ^2-^  I  ^^.2_i_^^2j 

Bilinear  contact.       \  -^'^  +  y'^  +  z^-\-zt        ~\  ^^  fxz  +  yt 
Three  conditions,     J  ^0;^  +  ea/  +  ^^^'^  +  czt  J  °^    Lff^r^  +  6y^ 
Confluent-bilinearcon-"!  xz — xt  +  y -\- z'^  '1 

tact.  Four  conditions.  J  ^^^  ^_  ^,^./  _j.  ^,,^2  ^  ^^2  J 

2nd  Class,  2nd  Section. 

Quadi-ilinear,  or      1  ^,2  ,    2,  ^2  ,  ^2       -1         Cxu  +  zt 
quadruple  contact.     >         ^       *  >-or  -<     ^ 

Four  conditions .  «''^^  +  «/  +  *^^  +  ^^-^         '^  «^^  +  ^^^ 
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Uniliiieo-indefinite  con-  \  r-  +  //^  +  ocs  +  yt        \ 
tact.    Five  conditions.  J  ^^^,2  ^  ^^o  ^  ^^..  ^  ^^^  / 

3rd  Class. 
Curvilineo-indefinitc  1    ,2  1    2  1  -.2  ,  ^2 


contact.        •      f      o 
Five  conditions.  '^^  +  ^r  +  «~^  +  *< 


a^'-^  +  y'  +  -'+^'        1 


Bilineo-indctinite     "1     o  .        ,  ^  .-^ 
contact.  Y  "    > 

Six  conditions.       J  xy  +  ztJ 

Another  (and,  in  a  physical  sense,  more)  natural  mode  of 
grouping  the  twelve  species  of  conoidal  contact,  which,  without 
observing  the  same  lines  of  demarcation,  leaves  intact  the  se- 
quence of  the  species,  is  into  the  three  families.  The  tirst,  or 
definite-continuous,  for  which  the  sui'faces  touch  in  a  single 
point,  and  intersect  in  an  unbroken  curve,  comprises  simple  and 
cuspidal  contact. 

The  second  definite-discontinuous,  for  which  the  surfaces 
touch  in  one,  two,  three  or  four  points,  but  intersect  in  a  curve 
more  or  less  broken  up  into  distinct  parts,  comprises  all  the 
species  from  the  third  to  the  ninth  inclusive.  The  third  natural 
family  is  that  of  indefinite  contact,  and  comprises  the  three  last 
species.  It  will  of  course  be  observed  that  there  are  five  species 
of  single  contact,  i.  e.  contact  at  one  point,  viz.  simple,  cuspidal, 
and  the  three  confluent  species,  two  of  double,  one  of  treble,  one 
of  quadruple,  and  three  of  indefinite  contact;  the  last  being 
distinguishable  intej'  se — lineo-indefinite  as  being  special  at  two 
points,  cundlineo-indefinite  as  having  no  speciality,  and  bilineo- 
indefinite  as  being  special  at  one  point  only. 

I  might  now  proceed  to  discuss  more  particularly  the  nature 
of  the  contact  taken,  not  collectively,  but  \ntli  reference  to  each 
single  point  where  it  exists.  This,  however,  must  be  reseiTcd 
for  a  futui-e  communication  ;  as  also,  among  other  important 
and  curious  matter,  the  ascertainment  of  the  singular  forms  of 
quadratic  conjugate  functions  of  five  or  more  letters.  At  present 
I  shall  content  myself  with  stating  the  follo^ving  general  propo- 
sition, which  naturally  suggests  itself  from  a  consideration  of  the 
cases  already  considered. 

In  a  conjugate  quadratic  system  of  any  number  of  letters,  the 

lowest  and  also  the  highest  degree  of  smgularity  will  be  always 

imique ;  the  conditions  to  be  satisfied  in  the  former  case  being 

r  —  1 
only  one  in  number,  and  in  the  latter  r         ,  where  r  denotes 

the  number  of  the  letters.  The  first  part  of  this  proposition  is 
self-a})parent,  the  latter  part  may  be  inferred  from  the  homaloidal 
law;  for  the  (;•— 2)nd  minors  will  be  quadratic  functions,  and 
the  highest  degree  of  contact  will  correspond  to  those  having 
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a  factor  in  common,  which  would  involve  the  satisfaction  of 

r—1 

r .  — 1  conditions  only ;  but  over  and  above  this,  that  the 

complete  determinant,  instead  of  containing  this  common  factor, 
as  it  needs  must,  (r — 1)  times  shall  contain  it  r  times  :  this  gives 

one  condition  more,  making  up  the  entire  number  to  r  — — . 

The  total  number  of  different  species  of  singularity  for  conju- 
gate functions  of  a  given  number  of  letters,  can  only  be  expressed 
bv  aid  of  formul?e  containing  expressions  for  the  nimiber  of  va- 
rious ways  in  which  numbers  admit  of  being  broken  up  into  a 
given  number  of  parts. 

The  computation  of  this  number  in  particular  cases,  upon  the 
principle  of  the  foregoing  method,  is  attended  with  no  difficulty. 

Vte  have  seen  that  this  ntmiber  for  two,  three  and'four  letters, 
is  respectively  one,  four,  twelve. 

I  have  found  that  for  five  letters  the  number  is  twenty-four, 
for  six  letters  fifty,  for  seven  letters  a  hundi'ed,  and  (subject  to 
further  examination)  for  eight  letters  one  hundred  and  ninety- 
three.  The  series,  therefore,  as  far  as  I  have  vet  traced  it,  is  1, 
4,  12,  24,  56,  100,  193.  The  last  number  must  not  be  relied 
upon  at  present. 

It  will  be  observed,  that  the  foregoing  table  for  the  contacts 
of  surfaces  of  the  second  order  contains  no  form  corresponding 
to  a  complete  intersection  in  two  non-intersecting  lines  and  an 
un degenerated  conic.  In  fact,  if  two  such  lines  fonn  part  of  the 
intersection,  at  least  one  other  right  line  intersecting  them  both, 
must  go  to  make  up  the  remaining  part.  This  is  easily  veiified  ; 
for  it  is  readily  seen  that  the  most  general  representation  of  two 
conoids  intersecting  in  two  non-meeting  lines  will  be 

V=:Xl/+zt 

V = a^y  +  bzt  +  cxt  +  cijz, 
where  the  two  lines  in  question  are 

{x=Q     0  =  0) 

(y  =  0       ^  =  0). 

Now  it  will  be  found  that  the  first  minors  of  U  +  XV  formed 
from  the   above   equation  will  all  contain  the   common  factor 
(fl  +  X)  (Z> -H  X)  —  6 -,  showing  that  the  contact  is  quadi-ilinear  or 
linear-indefinite,  i.  e.  bilinear,  according  as  the  roots  of 
\^  +  {a-\-b)\-{-  ab  —  ce=Q 

are  distinct  or  equal ;  which  explains  how  it  is  that  only  one 
species  of  bilinear  contact  (that  is  to  say,  the  case  con-esponding 
to  the  two  conoids  agi'eeing  in  the  two  right  lines  in  which  each 
is  cut  by  a  common  tangent  plane)  comes  to  find  a  place  in  the 
preceding  enumeration. 
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It  may  not  be  uninteresting,  under  an  euristic  point  of  view, 
to  state  that  the  above  theory,  which,  as  well  in  what  it  accom- 
plishes as  in  what  it  suggests  (the  author  cannot  but  feel  conscious), 
constitutes  a  substantial  accession  to  analytical  science,  arose  out 
of  a  theorem  which  occurred  to  him  as  likely  to  be  true,  in  the 
act  of  reviewing  for  the  press  his  paper  "  On  Certain  Additions  " 
in  the  last  November  Number  of  this  Magazine,  and  which  he  had 
only  then  time  to  throw  into  a  foot-note  as  a  probable  conjecture. 

Wishing  to  subject  it  to  an  analytical  test,  he  found  it  necessary 
to  obtain  the  condensed  forms  which  serve  to  characterize  the 
confluent  contact  of  conies.  In  this  way  he  became  aware  of 
the  great  utility  of  these  condensed  forms,  and  of  the  desideratum 
to  be  supplied  in  obtaining  a  complete  list  of  them  applicable  to 
all  varieties  of  contact.  The  happy  thought  then  occurred  to  him 
of  inverting  the  process  which  he  had  ap])lied  in  the  treatment  of 
the  contacts  of  conies,  in  the  November  Number  of  the  Cambridge 
and  Dublin  Mathematical  Journal ;  for  whereas  the  nature  of  the 
contacts  was  there  assumed  and  translated  into  the  language  of  de- 
terminants, he  soon  discovered  that  it  was  the  more  easy  and  secure 
course  to  assume  the  relations  of  eveiy  possible  immutable  kind 
that  could  exist  between  the  complete  and  minor  determinants 
corresponding  to  the  characteristics,  by  aid  of  these  relations  to 
construct  the  characteristics,  and  from  the  characteristics  so  ob- 
tained, determine  the  geometrical  character  of  each  resulting 
species  of  contact.  Thus  he  has  been  able  to  effect  the  very 
results  stated  by  himself  as  desiderata  at  the  close  of  the  paper 
in  this  Magazine  above  referred  to. 

Note. — It  is  proper  to  remark,  that  all  the  condensed  forms 
given  in  this  paper  have  actually  been  obtained  by  the  author  in 
the  way  above  pointed  out.  The  limits  imposed  by  the  objects 
to  which  the  JMagazine  is  devoted  have  restricted  him  from  ex- 
hibiting the  method  at  full ;  but  any  of  his  readers  will  be  able 
without  difficulty  to  make  it  out  for  himself. 

Tlie  process  consists  in  finding  U  +  A,V  by  means  of  solving 
for  each  case  a  problem  of  position  (a  kind  of  chess-board  pro- 
blem) on  a  square  table,  containing  three  places  in  length  and 
breadth  for  conies,  four  places  by  four  for  surfaces,  and  so  on 
(if  need  be)  according  to  the  numl)er  of  variable  letters  involved. 
U  +  XV  being  thus  determined  in  form,  U  and  V  become  readily 
cognizable.  It  is  right  also  to  add,  that  some  of  the  condensed 
forms  here  set  forth  have  been  incidentally  noticed  and  employed 
by  previous  authors,  as  Pliickcr  and  Mr,  Cayley. 

The  conditions  in  each  case  to  which  the  position-])roblem  is 
subject  are  immediately  deducible  from  the  laws  which  the  com- 
plete determinant,  and  the  sxiccessive  minor  systems  of  determi- 
nants of  U  4-  XV,  are  required  to  satisfy. 
[To  be  continued.] 
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XVIII.  On  the  Meteorology  of  England  and  the  South  of  Scotland 
during  the  Quarter  ending  December  31,  1850.  Bg  James 
Glaisher,  Esq.,  F.R.S.,  Secretary  of  the  British  Meteorolo- 
gical Society^. 

THE  mean  daily  temj^eratures  of  the  air  were  below  their 
average  values  till  October  30^  excepting  the  17th,  18th 
and  19th  days ;  the  mean  deficiency  was  .2°*6.  From  October  31 
to  November  12,  the  period  was  warm ;  the  average  daily  excess 
was  5°*1  j  the  13th,  14th,  and  loth  days  were  cold;  theii-  ave- 
rage defect  was  5.°'3.  From  November  16  to  November  25,  the 
average  daily  excess  of  temperattu-e  was  3°"2 ;  from  November  26 
to  December  3,  the  average  defect  was  4^'7.  December  4  and  5 
were  in  excess  to  the  amomit  of  6°'3 ;  from  the  6th  to  the  11th 
was  in  defect  to  the  amount  of  4^"3  daily;  from  the  lltli  to  the 
16th  the  excess  was  4°"7 ;  from  December  17  to  December  23 
it  was  4°"4  in  defect ;  and  on  December  24  a  period  of  veiy 
warm  weather  set  in ;  and  till  the  end  of  the  year  the  daily  ex- 
cess of  temperature  was  6°'3.  The  mean  temperature  of  Decem- 
ber 31  was  50°  nearly,  and  exceeding  its  average  value  by  13^. 

During  the  whole  quarter  there  has  been  an  unusual  amount 
of  fog,  it  ha%"ing  been  prevalent  more  or  less  on  69  days. 

The  mean  temperature  of  the  air  at  Greenwich  for  the  three 
months  ending  November,  constituting  the  thi'ee  autumnal 
months,  was  50°,  being  0°"7  above  the  average  of  the  preceding 
seventy-nine  autumns. 

For  the  month  of  October  was  47°-0,  being  2""3  less  than  the 
average  of  seventy-nme  years,  and  2°' 8  less  than  that  of  nine 
years. 

For  the  month  of  November  was  46°"5,  exceeding  the  average 
of  seventv-nine  vears  bv  4°"1,  and  of  the  preceding  nine  years 
by  2°-l.  ' 

For  the  month  of  December  was  40°'6,  exceeding  the  average 
of  seventy-nine  years  bv  1°'8,  and  that  of  the  preceding  nine 
years  by  0°-2. 

Tlie  mean  for  the  quarter  was  44' "7,  exceeding  that  of  the  ave- 
rage of  seventy-nine  quarters  by  1°'2,  and  less  than  that  of  the 
preceding  nine  years  by  0°'2. 

The  mean  te/nperature  of  evaporation  at  Greenwich — 

For  the  month  of  October  was  44^*4 ;  for  November  was  44°-5 ; 
and  for  December  was  39°'6.  These  values  are  3°6  less,  l°-4 
and  0°"5  greater  than  those  of  the  averages  of  the  same  months 
in  the  preceding  nine  years. 

The  mean  temperature  of  the  dew-point  at  Greenwich — 

For  the  months  of  October^  November  and  December,  were 

*  Commiinicated  bv  the  Author. 
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41°-2,  42°-0,  and  38°-3  respectively.  These  values  are  4°-8  less, 
0°-7  and  I'^S  greater  than  the  averages  of  the  same  months  in 
the  preceding  nine  years. 

The  mean  elastic  force  of  vapour  at  Greenvnch  for  the  quarter 
was  0-269  inch,  being  0*013  less  than  the  average  from  the  pre- 
ceding nine  years. 

The  mean  weight  of  water  in  a  cubic  foot  of  air  for  the  quarter 
was  3*1  grains,  being  0*2  gi*ain  less  than  the  average  from  the 
preceding  nine  years. 

The  mean  degree  of  humidity  in  October  was  0*82,  in  November 
was  0-86,  and  in  December  was  0-92.  The  averages  from  the 
nine  preceding  years  were  0-88,  0-99,  and  0*90  respectively. 

The  mean  reading  of  the  barometer  at  Greenwich  in  October 
was  29-681  inches,  in  November  was  29-728,  and  in  December 
was  29-914.  These  readings  are  0-014,  0-035,  and  Q-{)d>7 greater 
respectively  than  the  averages  of  the  same  months  in  the  prece- 
ding nine  years. 

The  average  weight  of  water  in  a  cubic  foot  of  air  in  the  quarter 
was  543  grains,  exceeding  that  of  the  average  from  the  preceding 
nine  years  by  1  grain. 

The  rain  fallen  at  Greenwich  in  October  was  1'4  inch,  in  No- 
vember was  2-5  inches,  and  in  December  was  4-3  inches.  The 
falls  for  these  three  months  on  an  average  of  nine  years,  are  3*4 
inches,  2-6  and  1-6  respectively. 

The  average  daily  ranges  of  the  readings  of  the  thermometer  in 
air  at  the  height  of  fom-  feet  above  the  soil,  in  October  was  14°*2, 
in  November  was  ll°-4,  and  in  December  was  8°-7.  The  ave- 
rages from  the  preceding  nine  years  are  13°-9,  10°-4,  and  9° 
respectively. 

The  minimum  readings  of  the  thermometer  on  grass,  ^\nth  its  bulb 
fully  exposed  to  the  sky,  in  October  was  at  or  below  32°  on  six- 
teen nights;  the  lowest  was  18°;  between  32°  and  40''  on  thir- 
teen nights,  and  above  40°  on  two  nights ;  and  the  highest  was 
41°.  In  November  was  at  or  below  32°  on  twelve  nights;  the 
lowest  was  14°;  between  32°  and  40°  on  twelve  nights,  and 
above  40°  on  six  nights ;  the  highest  was  46°.  In  December 
it  was  at  or  below  32°  on  nineteen  nights ;  the  lowest  was  9°  ; 
between  32°  and  40=  on  ten  nights,  and  above  40°  on  two  nights ; 
and  the  highest  was  43°-5. 

Thunder-storms  occurred  on  October  1  at  Uckfield  and  Not- 
tingham; on  the  5th  at  Hartwell  Rectory,  Hartwell  House, 
Stone,  Thame  and  Liverpool ;  on  the  8th  at  Cardington ;  on  the 
9th  at  Nottingham,  Cardington,  jManchester  and  Stonyhm-st ; 
on  the  11th  at  Hartwell  House;  and  on  the  23rd  at  Jersey. 
On  November  4  at  Wakefield,  and  on  the  19th  at  Jersey.  On 
December  14  at  Jersey,  Guernsey,  Helston,  Falmouth,  Tiniro 
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and  Southampton,  accompanied  at  the  last-mentioned  place  by  a 
violent  gale  which  lasted  for  half  an  hour.  On  the  15th  at 
Guernsey,  Helston,  Uckfield,  Thame,  and  Rose  Hill  near  Oxford. 
On  this  day  the  lightning  set  fire  to  a  barn  situated  about  foui* 
miles  to  the  south-west  of  the  last-mentioned  place,  which  was 
burnt  notwithstanding  the  extreme  fury  of  the  storm,  hail  and 
melted  snow  falling  all  the  time  in  torrents  ;  water  to  the  depth 
of  more  than  0*5  inch  fell ;  and  the  observer  at  Oxford  says,  that 
the  lightning  of  this  storm  struck  a  rick-yard  at  Radley  in  this 
neighbourhood,  and  did  considerable  damage.  On  the  16th  at 
Jersey,  Falmouth,  Helston,  Truro  and  Uckfield;  on  the  17th  at 
Helston  and  Uckfield;  and  on  the  18tb  at  Uckfield. 

Thunde?-  was  heard,  but  lightning  was  not  seen,  on  October  3 
at  Thame ;  on  the  5th  at  Linslade  and  Trowbridge ;  on  the  9th 
at  Thame  and  Stonyhui'st ;  and  on  the  10th  at  North  Shields. 
On  November  4  at  North  Shields,  and  on  the  26th  at  Guern- 
sey and  Manchester. 

Lightning  was  seen,  but  thunder  was  not  heard,  on  October  5 
at  Stone,  Greenwich,  Cambridge,  Norwich,  Nottingham,  Ha- 
warden,  Manchester  and  Whitehaven ;  on  the  9th  at  Uckfield, 
Thame,  Trowbridge,  Hartwell  House,  Holkham  and  Manchester ; 
on  the  10th  and  31st  at  Hartwell  House. 

On  November  2  at  Strokestown  in  Ireland,  and  at  Dunino  in 
Scotland;  on  the  5th  at  Hawarden;  on  the  9th  at  Hartwell 
House ;  on  the  24th  at  Guernsey,  Uckfield  and  Trowbridge ;  and 
on  the  25th  at  Guernsey.  On  December  5  at  Guernsey ;  on  the 
13th  at  Helston ;  and  on  the  14th  at  Uckfield. 

Auror(B  boreales  were  seen  on  October  1  at  Stone,  Hartwell 
House,  Hartwell  Rectoiy,  Midhm'st,  Green^s-ich,  Cambridge, 
Grantham,  Cardington,  Nottingham,  Holkham,  Liverpool,  Man- 
chester, Wakefield,  Whitehaven,  Stonyhurst,  North  Shields,  Dur- 
ham and  Dunino ;  on  the  2nd  and  3rd  at  Dunino ;  on  the  5th 
at  Rose  Hill  near  Oxford ;  on  the  8th  and  9th  at  Holkham ;  on 
the  lOtli  at  Rose  Hill  near  Oxford;  on  the  15th  at  Manchester ; 
and  on  the  29th  at  Stonyhurst  and  North  Shields.  On  Novem- 
ber 2  at  Midhurst ;  on  the  3rd  and  5th  at  Rose  Hill  near 
Oxford ;  on  the  9th  and  10th  at  Jersey ;  on  the  12th  at  Holk- 
ham ;  on  the  18th  at  Dunino ;  on  the  21st  at  Cambridge;  and  on 
the  28tli  at  Dunino.  On  December  23  and  26  at  Holkham  ;  on 
the  27th  at  Hartwell  Rectory,  Midhurst,  Holkham,  Whitehaven 
and  Dmiino. 

Hail  fell  on  October  1,  2  and  4,  at  Hartwell;  on  the  5th  at 
Jersey,  Hartwell,  Whitehaven  and  North  Shields ;  on  the  9th  at 
Thame,  Nottingham  and  Manchester;  on  the  10th  at  Jersey 
and  North  Shields;  on  the  11th  at  Jersey,  Holkham,  Durham 
and  North  Shields;  on  the  19th  at  Uckfield;  on  the  20th  at 
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Cambridge  and  North  Shields ;  on  the  21st  at  Jersey,  Rose  Hill 
near  Oxford,  Thame,  Cardington,  Nottingham  and  Durham ;  on 
the  23rd  at  Jersey,  Truro,  Rose  Hill  near  Oxford,  Liverpool  and 
Hawardcn ;  on  the  2 1th  at  Durham  ;  on  the  25th  at  Nottingham  ; 
and  on  the  2Gth  at  North  Shields.  On  November  4  at  North 
Shields  ;  on  the  18th  at  Truro  ;  on  the  19th  at  Whitehaven  ;  on 
the  24th  at  Truro  and  Hartwell  Rectory ;  on  the  25th  at  Guern- 
sey, Liverpool  and  Stonyhurst;  and  on  the  27th  at  Durham  and 
at  North  Shields.  On  December  14  at  Guernsey,  Helston  and 
Falmouth;  on  the  15th  at  Guernsey,  L^ckfield  and  Stonyhurst; 
on  the  IGtli  at  Jersey,  Guernsey,  Truro,  Falmouth,  Trowbridge, 
Ucktield  and  Hawarden ;  on  the  17th  at  Truro,  Helston,  Liver- 
pool and  Hawarden  ;  on  the  18th  at  Jersey,  Truro,  Ucktield  and 
Trowbridge ;  on  the  19th  at  Rose  Hill  near  Oxford ;  on  the  20th 
at  Linslade ;  and  on  the  24th  at  Manchester. 

Rain. — On  October  7  at  Stonyhurst  rain  fell  to  the  depth  of 
0*82  inch,  and  on  the  8th  to  the  depth  of  0*84  inch.  At  Jersey 
it  was  mentioned  that  the  falls  of  rain  on  October  22  and  23 
were  remarkable,  but  the  amounts  were  not  given.  At  Guernsey 
on  the  23rd  the  fall  was  1-67  inch.  On  October  24  rain  fell  to 
the  depth  of  0-86  inch  at  Norwich,  and  of  I'O  inch  at  Hartwell 
Rectory.  On  November  11  rain  to  the  depth  of  2*18  inches 
fell  at  Stonyhurst ;  on  the  14th  at  Midhurst,  to  the  depth  of 
0-71  inch  ;  on  the  18tli  very  hea^y  falls  of  rain  occurred  all  over 
the  British  Isles ;  at  Roscommon  the  fall  amounted  to  1*25  inch  ; 
at  Strokestown  to  0*72  inch  ;  at  Longford  to  0'6G  inch  ;  at  Car- 
rick-on-Shannon  to  0'85  inch ;  and  described  as  being  remark- 
able at  many  places  in  England,  as  were  the  falls  on  November  19 
and  20;  on  the  23rd  rain  to  the  depth  of  1-3  inch  fell  at  Fal- 
mouth;  and  on  the  16th  of  1-35  inch  at  Truro. 

Fog. — On  October  1  at  Noi*AA"ich ;  on  the  2nd  at  Plymouth, 
Kingstown,  Dublin  and  "Wakefield ;  on  the  3rd  at  Stone,  Hart- 
well Rectoiy,  Cambridge,  York,  Sunderland  and  Leeds ;  on  the 
4th  at  Plymouth,  Southampton,  Midhurst,  Linslade,  Trowbridge, 
Hartwell,  Gloucester,  Shap,  Hartlepool,  Leeds  and  Stonyhurst ; 
on  the  5th  at  Southampton,  Plymouth,  ^lidhurst,  Greenwich, 
Yarmouth  and  Stonyhurst ;  on  the  10th  at  Crewe  and  Lancaster ; 
on  the  12th  at  Cork  and  Glasgow;  on  the  13th  at  Thame  and 
Greenwich;  on  the  14th  at  Plymouth  and  Southampton  ;  on  the 
1 5th  at  Thame,  Southampton,  Gloucester  and  Lancaster ;  on  the 
16th  and  17th  at  Plymouth  and  Southampton;  on  the  18th  at 
Plymouth,  jMidhurst,  Greenwich,  Linslade,  Thame,  Stone,  Hart- 
well, Oxford  and  Lancaster;  on  the  19th  at  Southampton;  on 
the  22nd  at  Norwich ;  on  the  24th  at  Southampton,  ^lidhurst 
and  Thame ;  on  the  26th  at  Southampton  and  Oxford ;  on  the 
27th  at  Stone;  on  the  28th  at  Southampton;  on  the  29th  at 
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Manchester ;  on  the  30th  at  Wakefield,  Plymouth,  Southampton, 
Poole  and  ^^Tiitehaven ;  and  on  the  31st  at  Norwich.  On  No- 
vember 1  at  Midhurst,  Southampton  and  Bridgewater ;  on  the 
2nd  at  Southampton  ;  on  the  6th  at  Midhurst ;  on  the  7th  at 
jNIidhurst  and  Reading ;  on  the  8th  at  Norwich  j  on  the  9th  at 
Southampton^  Plymouth,  ^lid hurst,  Whitehaven,  Stonyluirst, 
Whitby,  Youghal  and  Dundalk  in  Ireland;  on  the  11th  at 
Whitehaven;  on  the  12th  at  Southampton,  Midhurst,  Thame 
and  Youghal;  on  the  13th  at  many  places,  and  extending  from 
the  south  of  England  to  Scotland;  on  the  l^th  at  Greenwich, 
Liverpool,  Wakefield,  Leeds,  Manchester  and  Carlisle ;  on  the 
15th  it  was  general  over  England,  and  extended  to  Ireland  and 
Scotland;  on  the  16th  at  Southampton,  Reading,  Rugby,  Thame, 
Norwich,  Darlington  and  Dundee;  on  the  17th  at  Thame;  on 
the  18th  at  Haw'arden,  Wakefield,  Leeds  and  Lancaster;  on  the 
21st  at  Carlisle;  on  the  22nd  at  Cork,  Poole,  Portsmouth, 
Bristol,  Basingstoke,  Peterborough,  Reading,  Cardington,  Leeds, 
Wakefield  and  Hawarden ;  on  the  23rd  at  Poole ;  on  the  26th 
at  Thame,  Linslade,  Hartwell  Rectory,  Plymouth  and  Leeds  ;  on 
the  27th  at  Thame  ;  on  the  28th  at  Bristol,  Oxford,  Manchester 
and  Leeds ;  and  on  the  29th  and  30th  it  was  general  all  over 
the  country.  On  December  1  at  Hartwell  Rectory ;  on  the  3rd 
at  Southampton  and  Reading ;  from  the  4th  to  the  13th  fogs 
were  general  over  the  country,  at  some  places  continuing  all  the 
day,  whilst  at  others  portions  of  the  day  were  free  from  fog  ;  on 
the  14th  at  Southampton;  on  the  17th  at  Edinburgh;  on  the 
18th  at  Liverpool,  Cambridge,  Southampton,  Oxford  and  Ba- 
singstoke ;  on  the  19th  at  Southampton  ;  on  the  20th  at  Kings- 
towm  near  Dublin ;  on  the  21st  at  Plymouth  and  Poole  ;  on  the 
22nd  at  Youghal,  Kingstown,  Leeds  and  Southampton ;  on  the 
23rd  and  24th  at  many  places ;  on  the  25th  at  Kingstown,  Ply- 
mouth and  Southampton  ;  on  the  26th  at  Southampton,  Whitby 
and  Rugby;  on  the  27th  at  Plymouth,  Southampton,  Whitby 
and  Rugby  ;  on  the  27th  at  Plymouth,  Southampton  and  Cork ; 
on  the  28th  and  29th  at  Southampton ;  on  the  30th  at  Ply- 
mouth, Southampton  and  Whitehaven  ;  and  on  the  31st  at  Shap 
and  Lancaster. 

Snow  fell  on  October  22  at  Stone,  and  on  the  24th  at  Hart- 
well Rectory.  On  November  15  at  Nottingham,  and  on  No- 
vember 27  at  Thame  and  North  Shields.  On  December  15  at 
Rose  Hill  near  Oxford;  on  the  17th  at  Leicester,  Holkham, 
Liverpool  and  Hawarden  ;  on  the  18th  at  Leicester,  Holkham 
and  Rugby;  on  the  18th  at  Greenwich,  Lewisham,  ^laidenstone 
Hill,  Hartwell  Rectory,  Stone,  Cardington,  Linslade,  Rose  Hill 
near  Oxford,  Thame,  Leicester  and  Nottingham ;  on  the  20th  at 
Midhurst,  Norwich  and  Holkham. 
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Solar  Judos  were  seen  on  October  7  and  1 5  at  Stone ;  on  the 
21th  and  2rth  at  Nottingham,  and  on  tlie  28th  at  Stone.  On 
November  7  at  Nottingham.  On  December  12,  15  and  16,  at 
Nottingham;  on  the  i9th  at  Stone;  and  on  the  21st  at  Not- 
tingliam. 

Lunar  halos  were  seen  on  October  15  at  Maidenstone  Hill, 
Stone  and  ^Manchester ;  on  the  16th  at  Stone;  on  the  17th  at 
Uckfield,  Ilartwell  and  Durham;  on  the  18th  at  Ucktield ;  on 
the  19th  at  Haitwell  and  Liverpool;  on  the  20th  at  Greenwich, 
Maidenstone  Hill,  Ilartwell  llectory,  Hartwell,  Thame,  Rose 
Hill  near  Oxford,  Linslade,  Cardington,  Nottingham  and  Stony- 
hurst.  On  November  12  at  Durham;  on  the  13th  at  Norwich, 
Cardington  and  Nottingham  ;  on  the  14th  at  North  Shields  ;  on 
the  17tli  at  Ucktield,  IMidhurst,  Maidenstone  Hill,  Hartwell 
llectory,  Rose  Hill  near  Oxford,  Thame,  Cardington  and  Liver- 
pool ;  on  the  19th  at  Jersey,  ^Maidenstone  Hill,  Linslade  and 
Hartwell  Rectory ;  and  on  the  23rd  at  Thame.  On  December  12 
at  Cardington,  Manchester,  Durham  and  Whitehaven ;  on  the 
13th  at  Maidenstone  Hill;  on  the  14th  at  Liverpool;  on  the 
18th  at  Nottingham  and  Whitehaven;  on  the  19th  at  Notting- 
ham, Hawardeu,  Whitehaven  and  Durham;  and  on  the  21st  at 
Hartwell  Rectory  and  Nottingham. 

Lunar  corona  were  seen  on  October  14,  15  and  16,  at  Stone; 
on  the  17th  at  Hai'twell;  on  the  18th  and  19th  at  Cambridge; 
on  the  26th  at  Stone;  and  on  November  17  at  Norwich. 

Lunar  rainbows  were  seen  on  October  21  at  Hartwell  Rectory 
and  Stone;  on  November  13  at  Grantham ;  and  on  November  19 
at  Greenwich,  as  recorded  by  jMr.  J.  F.  Sanders. 

Meteors. — At  Jersey,  on  November  29,  at  11^  30™  p.m.,  a 
bright  meteor  passed  from  Orion  towards  Polaris. 

At  Hartwell  Rectory,  on  October  5,  at  lO'^  15"^  p.m.,  a  small 
meteor  passed  from  Andromeda  to  Cassiopeia ;  on  October  7  a 
meteor  passed  from  Cassiopeia  to  Capella  ;  and  on  December  12, 
at  6**  P.M.,  a  meteor  with  a  long  train  of  white  light  passed  from 
/9  Ceti  to  Fomalhaut.  . 

At  Highfield  House  near  Nottingham,  on  October  1,  at  9^44^3^, 
a  meteor  equal  in  apparent  size  to  Jupiter  fell  from  7  Pegasi  at 
an  angle  of  45°  down  towards  S.  to  within  15°  of  horizon;  it 
was  orange-coloured,  and  without  any  train  of  sparks  :  dura- 
tion 0"-5. 

October  9,  at  10'*  30"^,  in  the  S.W.  a  small  meteor  was  seen; 
at  lO*"  45™  another  was  seen  in  the  E. ;  and  on  the  same  night, 
at  11^^  10™,  another  small  meteor  was  seen  in  the  N. 

October  11,  a  small  meteor  was  seen  to  the  north ;  on  the  15th, 
at  11^  5™,  a  meteor  equal  in  size  to  a  star  of  the  second  magni- 
tude, and  in  brightness  to  a  star  of  the  first  magnitude,  of  a  blue 
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coloui",  diffusing  much  light ;  it  moved  from  half-way  between 
€  Pegasi  and  ij  Sagitta?,  passed  through  7  Sagittse^  when  it 
ascended  again  in  a  rapid  curve,  exploding  about  /d  Cygni ;  its 
duration  was  0"5  second.  On  November  1,  at  7^  20™,  a  spark- 
meteor  of  a  yellow  colom*  moved  in  a  nearly  horizontal  dii'ection, 
inclining  slightly  downwards,  and  passing  within  half  of  a  degree 
under  a  Pegasi,  and  passed  over  lO'^  of  space  in  1  second  of  time. 

On  November  13  a  tine  meteor  fell  perpendicidarly  down  from 
the  zenith  of  the  X.W.,  and  was  seen  at  Beeston  bv  J.  AVatson, 
Esq. 

On  November  23,  at  10''  55"',  a  meteor,  in  appearance  three 
times  larger  than  Satm-n,  being  circidar,  with  a  well-defined 
disc,  and  having  a  slight  train,  moved  rapidly  from  half-way  be- 
tween 8  and  e  to  D  Ceti. 

On  November  28,  at  10^  10™,  a  meteor  four  times  in  apparent 
magnitude  to  Jupiter,  and  of  the  same  coloui",  fell  30°  perpendi- 
cularly down  from  Aldebaran. 

On  November  29,  at  8^  43™,  a  meteor  of  the  fomth  magni- 
tude, of  a  yellow  colour  with  a  slight  train,  moved  rapidly  from 
7  Draconis  downwards  towards  N.  at  an  angle  of  60". 

On  December  5,  at  11^  30™,  a  blue  meteor  fell  perpendicu- 
larly down  in  E.S.E.;  it  was  circular,  audits  duration  was  3 
seconds.     Seen  by  S.  Watson,  Esq. 

December  13,  at  11"^  40™,  a  small  orange-red  spark  meteor 
fell  from  between  «  and  ^  Geminorum ;  it  fell  perpendicularly 
down,  inclining  slightly  to  the  N.  It  was  accompanied  by 
several  sparks. 

On  December  24,  at  9^  30™,  a  yellow  meteor  of  the  second 
magnitude  was  seen  without  sparks  ;  it  was  star-like,  and  rose 
slowly  fi-om  20°  above  W.  horizon,  passed  through  the  zenith 
through  Gemini,  and  disappeared  suddenly  at  30  above  the  E. 
horizon ;  its  duration  was  4  seconds. 

On  Dec.  26,  at  9^^  55™,  a  meteor  was  seen  of  the  fourth  mag- 
nitude; it  moved  rapidly  from  Ursa  Major  horizontally,  ending 
midway  between  Castor  and  Pollux.  It  was  of  a  blue  colour, 
with  a  train  of  light.     Its  duration  was  0'5  second. 

On  December  26,  at  lO''  30™,  a  small  meteor  fell  rapidly  and 
perpendicularly  down  in  W.  from  an  altitude  of  45°. 

On  December  26,  at  10^  30™,  two  small  meteors  in  the  S."W. 
were  seen ;  on  December  26,  at  lO*'  31™,  a  small  meteor  in  the 
S.W.  fell  fi"om  an  altitude  of  45°,  and  inclining  towards  S. 

On  December  27,  at  10^  40™,  a  meteor  of  the  size  of  a  star  of 
the  fifth  magnitude,  colom-less,  and  of  ill-defined  shape,  mth  a 
train  of  light,  moved  from  7  Ursje  Majoris  to  ^  Urste  Majoris. 
Its  motion  was  very  rapid,  and  its  duration  0"1  second. 

On  October  28,  at  7^  50™  p.m.,  JohnW.  Kelly,  Esq.,  saw  a  large 
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meteor.  He  was  travelling  in  the  Galway  mail  coach,  and  within 
about  cip;lit  statute  miles  of  Limerick.  The  meteor  was  followed 
by  a  long  tail  of  light,  and  apparently  sparks  of  fire.  It  was 
visible  for  about  three  seconds  ;  was  first  observed  near  the 
zenith,  moved  slowly  horizontal  (with  a  slight  dip,  however,)  in 
a  north-easterly  direction,  was  of  a  reddish  colour,  and  became 
extinguished  apparently  a  short  distance  eastward  of  Limerick. 

The  followinu'  meteors  were  observed  by  John  Graham,  Esq. 
M.B.M.S.:—   "^ 

At  Darlington,  on  July  31,  at  10^  21"^  a  meteor  was  seen  to 
the  west  of  y  Hcrculis.  It  appeared  like  a  star  of  the  third 
magnitude,  and  disappeared  immediately,  and  had  no  visible 
motion. 

At  lO'^  22^^,  a  meteor,  like  a  star  of  the  second  magnitude,  ap- 
peared near  «  Coroufe  Borealis.  Tt  was  visible  during  about  half 
a  second,  and  mo^'ed  through  2°,  and  directly  towards  the  horizon. 

At  10^'  25'^,  a  meteor,  similar  to  a  star  of  the  third  magnitude, 
moved  from  a  point  near  ^  Coronse  Borealis,  and  passed  a  little 
to  the  north  of  /S  Seqientarii.  It  moved  through  about  20°  in 
about  2  seconds. 

On  August  6,  at  10^  36"\  a  meteor,  which  eqiialled  if  not 
suqjassed  Arcturus  in  brightness,  passed  about  2 '  below  a  Coronje 
Borealis,  and  3°  below  S  Sei-])eutarii.  It  left  a  brilliant  train, 
which  extended  over  about  15*^;  its  path  was  convex  towards 
those  stars.     It  moved  through  about  30°  in  4  seconds. 

At  lO'*  38°^,  a  meteor,  like  a  star  of  the  third  magnitiide,  with 
a  train,  passed  about  4°  below  a  Coronse  Borealis  and  half-way 
between  «  and  h  Sei-pcntarii.  It  moved  through  about  15°  in  1 
second. 

At  10^  52"!  30*,  a  meteor,  less  bright  than  the  last  two,  passed 
from  o  Ophiuchi,  and  passed  between  v  Serpentarii  and  35 
Ophiuchi.     Its  motion  was  quick. 

At  10^'  56°^  30^,  a  meteor,  similar  to  a  star  of  the  fourth  mag- 
nitude, })assed  above  o  Ophiuchi  and  through  v  Seqicntarii,  its 
path  being  parallel  to  that  of  the  last.     Its  motion  was  quick. 

On  the  13th,  at  10''  7"',  a  veiy  small  meteor,  with  a  splendid 
train,  passed  about  1|°  above  rj  Persei.  Its  path  Avas  nearly 
parallel,  but  tending  a  little  towards  the  horizon.  It  passed 
through  about  5°  in  1  second. 

At  lO'^  55"^,  a  meteor,  like  a  star  of  the  third  magnitude, 
passed  at  3°  above  /S  Hcrculis,  and  parallel  ^nth  19  Herculis 
and  the  former  star.     It  moved  through  about  10°  in  1  second. 

At  10*1  ST*",  a  meteor  like  the  last  passed  from  70  Equulei 
to  near  G 1  Capricorni.     It  moved  through  about  12°  in  1  second. 

On  the  14th,  at  10^  24"^,  a  meteor,  like  a  star  of  the  fiii-st 
magnitude,  vaX\\  a  splendid  train  extending  over  about  15°, 
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passed  about  30^  north  of  a  Herculis,  and  about  1°  south  of 
/3  Ophiuchi.     It  passed  over  about  20°  in  4  seconds. 

At  lO'^  28°^^  a  meteor^  like  a  star  of  the  second  magnitude, 
with  a  train  a  httle  less  bright  than  the  last,  and  extending  over 
about  12°,  passed  through  ^  Lyrse  and  about  1°  cast  of  y8  Cygni. 
It  passed  through  about  15°  in  2  seconds. 

On  the  18th,  at  9^  30™,  a  meteor,  like  a  star  of  the  third 
magnitude,  passed  from  15  Persei,  and  moved  nearly  parallel 
with  y  and  a  Persei,  being  nearly  perpendicular  to  the  horizon. 
It  passed  through  10°  in  1  second. 

On  the  29th,  at  9^  55™,  a  meteor,  like  a  star  of  the  third 
magnitude,  with  a  train,  passed  through  tt  Androuiedse,  and 
about  1°  noi-th  of  ^  Andromedse.  It  moved  through  about  20° 
in  2  seconds. 

At  lO'^  2™,  a  meteor,  similar  to  a  star  of  the  second  magnitude, 
with  a  magnificent  train  extending  over  fully  25°,  passed  through 
11  Muscre  Borealis,  a  little  above  «  Arietis,  and  about  1°  below 
7  Pegasi.  It  moved  through  about  45°  in  8  seconds.  As  it 
moved  along  its  path,  an  increase  in  its  apparent  altitude  was 
evident. 

At  10^  4™,  a  meteor  like  the  last  was  seen,  excepting  that  its 
train  was  rather  more  considerable  (extending  over  at  least  30°) . 
It  passed  about  1°  above  e  Arietis,  and  directly  southward,  in  a 
line  parallel  with  the  horizon.  It  moved  through  about  40°  in 
6  seconds. 

On  September  4th,  at  9^  33™,  a  meteor,  like  a  star  of  the 
second  magnitude,  with  a  train  extending  over  about  15°,  moved 
from  a  point  immediately  below  13  Herculis,  and  passed  about 
4°  west  of  S  Ophiuchi.  It  traversed  a  space  of  about  18°  in 
3  seconds. 

On  the  12th,  at  8'^  31™,  a  meteor,  like  a  star  of  the  second 
magnitude,  with  a  train  extending  over  about  7^,  moved  from  a 
point  very  near  3  Serpentarii,  and  passed  about  midway  between 
h  Ophiuchi  and  t;  Serpentarii.  It  moved  through  about  15° 
in  1"5  second. 

On  the  15th,  at  9^  31™,  a  meteor,  like  a  star  of  the  first  mag- 
nitude, mo^  ed  from  a  point  about  1  ^°  south  of  the  a.  Lyrte,  and 
passed  close  to  the  north  of  ^  Herculis.  It  moved  through 
about  25°  in  4  seconds. 

On  the  21st,  at  10^  18™  30^,  a  meteor,  of  unusual  apparent 
magnitude  and  brightness,  appeared.  It  moved  from  a  point 
situated  in  a  line  perpendicular  to  the  horizon,  passing  thi'ough 
the  ^  Ursfe  Majoris  and  about  2°  below  this  star.  The  meteor  de^ 
scended  towards  the  horizon  in  a  direction  a  little  east  of  north. 
The  line  along  which  it  passed  subtended  an  angle  of  about  10°, 
Avith  the  line  perpendicular  to  the  hoi-izon  meeting  that  point  of 
the  meteor's  path  from  which  it  started.     The  diameter  of  the 
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disc  of  the  meteor  gradually  increased,  which  just  before  it 
burst  was  estimated  at  6',  and  its  brightness  was  much  greater 
than  that  of  Venus  when  she  is  brightest.  This  meteor  shone 
with  a  bluish  light,  at  first  pale,  but  becoming  gradually  deeper 
in  colour.  It  was  accompanied  by  a  train,  which  was  not 
diverging,  but  consisted  of  a  straight  line  of  sparks,  which  it 
left  in  its  track.  Its  disc  tapered  off  to  a  point,  where  it  joined 
the  train.  It  moved  veiy  slowly  and  rather  irregularly ;  and 
neglecting  the  brilliancy  of  the  object,  its  appearance  might  be 
compared  to  a  Hying  kite  (inverted).  This  meteor  moved  over 
about  7°  in  6  seconds.  It  threw  off  a  quantity  of  sparks  in 
bursting. 

On  October  5,  at  10^^  28°*,  a  meteor,  like  a  star  of  the  third 
magnitude,  moved  from  a  point  near  49  Lyncis,  and  passed 
about  2°  east  of  h  Ursse  Majoris.  It  moved  through  about  10° 
in  1*5  second. 

At  10^  40°^,  a  meteor  Hke  the  last  moved  from  k  Ursse  Ma- 
joris towards  fi  Urss  Majoris.     It  passed  over   about    8°  in 

I  second. 

On  the  18th,  at  9^^  45°^,  a  meteor,  like  a  star  of  the  second 
magnitude,  passed  about  2°  east  of  e  Cygni,  and  3°  west  of  the 
cluster  of  stars  in  Delphinus.  It  passed  over  about  20^  in 
3  seconds. 

On  the  28th,  at  9^^  26^  a  meteor,  like  a  star  of  the  third 
magnitude,  passed  through   27  L^nicis,   and  about   1°  east  of 

II  LjTicis.     It  moved  through  about  15°  in  2  seconds. 

On  Nov.  8,  at  9*'  35°^,  a  meteor,  like  a  star  of  the  third  mag- 
nitude, wath  a  tail,  moved  from  a  point  about  half-way  between 
fjb  and  7  Gemini,  and  passed  about  2°  below  e  Gemini.  It  moved 
through  about  9°  in  li  second. 

On  Nov.  8,  at  9"^  5*'7™,  a  meteor,  like  a  star  of  the  fourth 
magnitude,  passed  through  the  southern  confines  of  Sagitta  and 
towards  /a  Aquilfe.     It  moved  through  about  10"  in  1  second. 

On  Nov.  9,  at  10^,  a  meteor,  like  a  star  of  the  third  magni- 
tude, with  a  tail,  started  from  a  point  about  4°  north  of  /3  Aquarii, 
and  passed  through  3  Aquarii.    It  moved  through  6°  in  1  second. 

On  Nov.  10,  at  9*^,  an  unusual  appearance  occurred,  which 
may  be  described  as  follows  : — The  sky  was  entirely  covered  with 
clouds,  when  suddenly  (at  9**)  a  very  luminous  appearance  pre- 
sented itself,  which  was  seen  through  the  clouds.  The  light  was 
lenticular-shaped.  Its  base  rested  on  the  horizon  a  little  east  of 
south,  the  middle  part  being  fi-om  5°  to  10°  to  the  eastward  of 
that  point.  Its  breadth  at  the  base  was  about  4°.  The  altitude 
of  its  aj)ex  (which  appeared  to  be  pei-pcndicular  to  its  base)  was 
about  30°.  The  brightest  part  was  the  centre  of  the  base,  and 
the  light  shaded  off  gradually  to  the  edges.  The  phfenomeuon 
was  visible  about  10  seconds,  when  it  suddenly  disappeared. 
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There  appears  to  be  no  other  way  of  accounting;  for  this  phfeno- 
menon  than  by  supposing  it  to  have  been  a  veiy  large  meteor. 

On  Nov.  28,  at  9^  3S^,  a  meteor,  Kke  a  star  of  the  fom-th 
magnitude,  passed  through  e  Taiu'i  and  towards  12  Taui-i.  It 
passed  over  about  6'^  in  less  than  a  second. 

On  Nov.  28,  at  9^  43°^,  a  meteor,  like  a  star  of  the  fifth  mag- 
nitude, passed  through  a  Tauri  and  about  1°  south  of  m  Tauri, 
It  passed  over  about  10°  iu  1  second. 

On  Nov.  28,  at  9^^  47"^,  a  meteor,  like  a  star  of  the  third 
magnitude,  \^ath  a  tail  extending  over  about  5°,  proceeded  from 
a  pouit  about  4°  west  of,  and  of  the  same  altitude  as  a  Ceti,  and 
passed  about  half-way  between  Satui'n  and  tj  Ceti.  It  passed 
over  about  10°  in  2  seconds. 

On  December  4,  at  9^  55™,  a  meteor,  like  a  star  of  the  second 
magnitude,  with  a  tail  extending  over  fully  15°,  passed  through 

0  2  Orionis,  47  Tam-i,  and  about  1°  above  k  2  Ceti.  It  passed 
over  about  25°  in  3  seconds. 

On  December  12,  at  9^  20"^,  a  meteor,  like  a  star  of  the  second 
magnitude,  passed  about  1°  below  ^  and  o  Tauri,  and  about  half 
way  between  a  Ceti  and  k  2  Ceti.       It  passed  over  about  10'  in 

1  second. 

On  December  12,  at  9^  32™,  a  meteor  like  the  last  appeared 
near  Sirius.  Its  path  was  nearly  perpendicular  to  the  horizon, 
but  formed  a  somewhat  greater  angle  with  the  horizon  north  than 
south.  The  meteor  disappeared  when  it  descended  to  within 
about  5°  of  the  star ;  had  it  continued,  it  would  have  passed 
about  3°  E.  of  Sirius.    It  passed  over  about  6°  in  3  seconds. 

On  December  12,  at  9^  37™,  a  meteor,  like  a  star  of  the  thii'd 
magnitude,  passed  through  y  Orionis  and  above  rj  Orionis,  pass- 
ing the  star  at  a  distance  of  about  3|-°.  It  passed  over  about  9° 
in  1*5  second. 

At  Trowbridge,  on  October  26,  several  meteors  were  seen,  one 
especially  as  large  as  the  planet  Venus ;  it  shot  from  the  con- 
stellation of  Orion  and  disappeared  in  the  west.  On  November  9 
several  beautiful  meteors  were  seen,  and  shooting  in  all  directions 
from  east  to  west.  On  November  28  two  splendid  meteors  were 
seen ;  one  passed  from  Ursa  Major  and  disappeared  in  the 
constellation  of  Orion,  leaving  a  long  train  of  light  behind  it ;  the 
other  shot  further  north,  near  the  Pole  Star,  and  disajjpeared 
near  the  Pleiades,  and  which  also  left  a  train  of  light  behind  it. 
On  December  3  a  large  meteor  shot  from  the  AV.  and  disappeared 
near  Ai-cturus. 

The  series  of  obsenations  of  the  directions  of  the  wind  at  9^^ 
A.M.,  taken  at  the  various  railway  stations,  and  published  in  the 
J)ailf/  Neics,  with  those  fui-nished  to  myself  and  to  the  Astro- 
nomer Royal,  have  continued  with  regularity.  The  fo]lo\ving 
tables  have  been  formed  from  them  ; — 
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General  Remarks  on  the  preceding  Tables. 

October. — 1.  Strong  breeze;  a  hea^y  gale  at  Youghal.  2. 
Nearly  a  calm  day.  3.  A  gale  at  Guernsey ;  calm  and  fog  at 
many  places.  4.  Calm  and  fog  general.  5.  Calm  over  the 
midland  counties.  6.  A  gale  at  Guernsey.  7.  A  stormy  day ; 
gales  at  many  places.  8.  Air  in  gentle  motion.  9.  Calm  and 
fog  to  the  south ;  a  strong  breeze  to  the  north.  10.  Air  in 
gentle  motion.  11.  Hard  wind  general;  gales  at  many  places. 
12.  A  strong  breeze  round  the  coast.  13.  Calm  and  fog  at  most 
places.  14.  A  hard  wind  to  the  north ;  calm  to  the  south. 
15.  Calm  and  fog  at  most  places.  16.  Strong  breeze  to  the 
north;  calm  to  the  south.  17.  Strong  breeze  to  the  north; 
calm  to  the  south.  18.  Calm  at  most  places.  19.  A  strong 
breeze  at  most  places.  20.  Air  in  gentle  motion.  21.  Strong 
breeze  at  most  places.  22.  Vaiying  from  a  calm  to  a  high  wind. 
23.  Hard  wind  on  the  south  coast.  24.  Calm  and  fog  at  most 
places.  25.  Air  in  gentle  motion.  26.  Gentle  breeze  and  fog 
at  many  places.  27.  Air  in  gentle  motion;  fog  and  frost. 
28.  Air  in  gentle^motion ;  squalls  at  Guernsey.  29.  Frost  and 
thick  fog.  30.  Calm  and  rain  at  many  places.  31.  Calm  and 
fog  at  many  places. 

November. — 1,  Calm  at  many  places.  2.  Aii*  in  gentle  mo- 
tion ;  rain  at  many  places.  3.  Calm  and  fog  at  many  places. 
4.  Stonns  and  hard  wind  evei'j'w^here.  5.  Storms  and  gales 
ever)'^^'here.  6.  Aii*  in  gentle  motion.  7.  Strong  breeze  at 
many  places;  a  storm  at  Lancaster.  8.  A  gale  at  Crewe.  9.  Calm 
and  fog  at  most  places.  10.  A  storm  at  Edinburgh.  11.  Air 
in  gentle  motion.  12.  Calm  eveiy where.  13.  Calm  and  fog  at 
most  places.  14.  Calm  and  frost  at  many  places ;  fog.  15.  Calm 
and  fog  at  most  places.  16.  Calm  and  fog.  17.  Calm  and  fog. 
18.  Calm^  fog  and  rain ;  a  stonn  at  Bridgetown.  19.  Storms 
and  gales  in  Ireland ;  strong  breeze  everj^'here.  20.  Hard  wind 
and  gales  in  Ireland;  a  storm  at  PhTiiouth.  21.  Air  in  gentle 
motion.  22.  Calm,  fog  and  rain.  23.  Strong  breeze  to  the 
south,  and  rain.  24.  Storms  and  gales  at  many  places.  25.  A 
hard  \vind  even-where.  26.  Calm  at  most  places.  27.  Calm, 
frost,  rain  and  fog.  28.  Calm,  fog  and  frost.  29.  Calm,  fog 
and  frost.     30.  Calm,  fog  and  frost. 

December. — 2.  A  strong  breeze  at  most  places;  rain  general. 
3.  Air  in  gentle  motion.  4.  Calm  and  rain  general.  5.  Calm 
and  rain  at  most  places.  6.  Calm  and  fog  at  most  places. 
7.  Calm  and  fog  at  many  places.  8.  Calm  and  fog  at  most 
places.  9.  Calm  and  fog  at  most  places;  stormy  in  Belgium. 
10.  Calm  and  fog  genei'al ;  stormy  in  Belgium.  11.  Calm  and 
fog  at  many  places ;  stormy  in  Belgium,     12.  Calm,  fog  and 
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rain  general  j  stormy  in  Belgium.  13.  Calm  and  foggy.  14. 
Air  in  gentle  motion;  stormy  in  Ireland.  15.  Stormy  on  the 
south  coast.  16.  Hard  wind  general.  17.  Snow  at  Shap. 
18.  Variable  in  strength.  19.  Calm  and  fog  at  many  places. 
20.  Frost  general.  21.  Calm  and  rain  at  some  places.  22.  Calm, 
fog  and  frost.  23.  Calm  and  fog.  24.  Calm,  fog  and  rain  at 
many  places.  25.  Variable  in  strength.  26.  Calm.  27.  Calm 
general ;  stormy  in  Belgium.  28.  Air  in  gentle  motion.  29. 
Calni  and  fog.     30.  Calm  and  fog.     31.  Variable  in  strength. 

The  mean  of  the  nnmbers  in  the  first  colnmn  of  the  adjoining 
Table  is  29"652,  and  it  represents  that  portion  of  the  reading  of 
the  barometer  due  to  the  pressnre  of  the  air  ;  the  remaining  por- 
tion, or  that  due  to  the  pressnre  of  water,  is  0*27 1  inch  ;  the  sum 
of  those  two  numbers  is  29*923  inches,  and  it  represents  the  mean 
reading  of  thebarometerfor  the  quarter  endingDecember31, 1850. 


XIX.  On  the  alleged  necessity  for  a  new  General  Equation  in 
Hydrodynamics.  By  G.  G.  Stokes,  M.A.,  Fellow  of  Pem- 
broke College,  and  Lucasian  Professor  of  Mathematics  in  the 
University  of  Cambridge. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

THE  last  Number  of  your  Magazine  contains  a  communica- 
tion from  Professor  Challis,  which  appears  to  be  the  com- 
mencement of  a  series  of  articles  de\'oted  to  the  establishment 
and  application  of  a  new  general  equation  in  hydrodynamics.  It 
is  now  several  years  since  Professor  Challis  first  published  this 
equation.  I  have  hitherto  refrained  from  entering  into  any  con- 
troversy on  the  subject,  though,  having  had  occasion  to  refer  to 
Prof.  Challis^s  investigations  in  a  report  "On  recent  Researches  in 
Hydrodynamics*,"  I  expressed  my  dissent  from  Prof.  Challis's 
views,  as  I  felt  bound  to  do,  in  consequence  of  the  thorough  con\"ic- 
tion  which  I  felt  that  the  equation  was  inadmissible.  The  subject 
has  recently  been  taken  up  by  others,  who  have  attacked  the  new 
equation,  but  I  must  confess  that  I  have  seen  nothing  in  the 
replies  of  Professor  Chalhs  that  has  tended  to  shake  my  original 
conviction. 

The  points  on  which  I  entertain  an  opinion  more  or  less  op- 
posed to  that  of  Professor  Challis  are  so  various,  that,  were  I  to 
enter  fully  into  them  all,  the  controversy  thence  likely  to  ensue 
would  occupy  in  your  pages  a  space  altogether  unreasonable,  and 
would  probably  come  to  nothing  from  its  veiy  unwieldiness.  I 
intend  therefore  to  conduct  the  controversy  on  which,  with  your 

*  Repoi"t  of  the  British  Association  for  1846,  p,  3. 


158  Mr.  G.  G.  Stokes  on  the  alleged  necessity  for 

peraiission,  I  now  enter,  on  the  following  plan :  to  notice  only 
one  important  ])oint  at  a  time ;  and  it"  a  question  should  arise 
which  Professor  Challis  and  I  both  regard  as  of  vital  importance, 
but  on  which  we  cannot  agree,  to  leave  off  the  discussion. 

The  form  which  Professor  Challis  has  given  to  his  last  com- 
munication, by  connnencing  at  the  beginning  of  the  subject, 
dispenses  with  the  necessity  of  referring  to  previous  publications 
or  controversies,  and  I  shall  therefore  proceed  at  once  to  the 
discussion. 

The  first  fi^e  propositions  in  Professor  Challis's  paper  contain 
only  what  is  generally  admitted  by  mathematicians,  and  which 
I  admit  among  the  number.  On  this  part  of  the  pa])er  I  will 
only  make  three  remarks.  First,  that  although  the  equality  of 
pressure  in  all  directions  follows  in  a  similar  manner  from  the 
fundamental  principle  assumed  in  the  ordinary  theories  of  hy- 
drodjiiamics  and  hydi*o statics,  I  do  not  conceive  that  the  funda- 
mental principle  is  equally  accurate,  experimentally,  in  the  two 
cases;  secondlij,  that  I  consider  it  clearer  and  more  correct  to 
regard  the  pressure  as  connected  with  the  forces,  &c.  by  three 
equations  (partial  differential  equations  of  com-se),  than  by  the 
single  equation  numbered  (1.)  in  Professor  Challis's  paper; 
thirdly,  that  I  conceive  there  is  a  slight,  but  not  unimportant, 
omission  in  Professor  Challis^s  demonstration  of  the  ordinaiy 
equation  of  continuity.  I  make  these  remarks  merely  to  guard 
my  statement  in  assenting  to  all  that  is  contained  in  the  first 
five  propositions,  and  not  with  a  view  of  exciting  controversy,  and 
therefore  I  do  not  support  my  opinions  by  any  arguments. 

The  point  which  I  select  for  discussion  in  the  present  com- 
munication is  the  second  axiom :  "  let  it  be  granted  that  the  di- 
rections of  motion  in  each  element  of  the  fluid  mass  may  at  all 
times  be  cut  at  right  angles  by  a  continuous  sui-face."  After 
enunciating  this  axiom.  Professor  Challis  remarks,  "by  satis- 
fying this  geometrical  condition,  the  motion  of  a  continuous  mass 
is  distinguished  from  that  of  a  collection  of  indefinitely  small 
discrete  atoms."  This  assertion,  which  is  altogether  unsup- 
ported by  any  argument,  I  contend  to  be  erroneous.  I  shall 
bring  forward  two  arguments  in  support  of  my  opinion;  not 
because  I  conceive  that  either  would  not  be  abundantly  sufficient 
by  itself,  but  because,  while  the  first  is  rather  the  simpler,  the 
second  wdll  give  rise  to  a  remark  of  some  importance. 

First  argument.  Let  us  consider  the  motion  for  which 

u-= — coy,     v  =  o)x,     w^c,     .     .     .     .     (a.) 

where  co  and  c  are  constant.  If  the  lines  of  motion  admit  of 
being  cut  at  right  angles  by  a  system  of  surfaces,  the  differential 
equation  to  the  system  must  be  udx  +  vdy  +  wdz  =:0,sin.d  udx  +  &c. 
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must  be  iutegrable  by  a  factor.     But  since  the  criteiiou 

(dv       div\        (dm       du\         /du       dv\      „  ,,  ., 

is  not  satisfied,  this  is  not  the  case ;  and  therefore,  according  to 
the  axiom,  the  motion  expressed  by  (a.)  is  such  as  could  only 
belong  to  a  set  of  indefinitely  small  discrete  atoms.  Yet  it  is 
simply  a  motion  of  rotation  compounded  with  a  motion  of  trans- 
lation ;  a  kind  of  motion  which  even  a  solid  body  may  possess, 
and  which  is  very  nearly  exhibited  in  the  case  of  water  revolving 
in  a  uniformly  descending  bucket,  and  might  almost  exactly  be 
exhibited  were  it  not  for  the  friction  against  the  sides  and  bot- 
tom of  the  bucket. 

Second  argument.  It  is  plain  that  Professor  Challis  admits 
the  possibilitv  of  the  existence  of  motions  in  a  fluid  such  that 
udx  4-  vdy  +  udz  is  integrable  by  a  factor,  though  not  by  itself, 
so  that  on  this  point  we  are  agreed.  Let  u,  v,  w  refer  to  such  a 
motion,  which  therefore  must  satisfy  equation  {b.).  Compound 
this  motion  with  a  motion  of  translation  for  which  the  constants 
a,  b,  c  are  the  components  of  the  velocity.  If  the  resulting 
motion  be  such  that  the  dii-ections  of  motion  may  eveiywhere  be 
cut  at  right  angles  by  continuous  surfaces, 

{u  -\-  a)dx  +  (y  +  b)dy  +  [w  +  c)dz 
must  be  integrable  by  a  factor.     Substituting  in  the  equation 
which  expresses  the  criterion  of  integrability,  and  taking  account 
of  [b.),  we  see  that 

(dv        dw\      ,{dw       du\        Idu       dv\      ^  ,    . 

and  since  a,  b,  c  are  arbitrary,  an  infinite  number  of  systems  of 
values  of  a,  b,  c  may  be  assigned  for  which  (c.)  shall  be  violated, 
unless 

dv       dw  _         dw       du „      du       dv  _ 

dz       dy        '      da;       dz  ~  '     dy       dx        ' 

which  is  contrary  to  hypothesis,  since  udx  -\-  vdy  +  wdz  is  supposed 
not  to  be  an  exact  differential.  Hence,  if  the  second  axiom  be 
granted,  we  are  obliged  to  suppose  that  a  motion  which  may 
belong  to  a  fluid  changes  its  character  so  completely  by  mere 
composition  with  a  uniform  motion  of  translation,  that  the  re- 
sulting motion  can  only  belong  to  a  set  of  discrete  atoms.  At 
this  rate  we  could  not  tell  whether  a  proposed  motion,  defined, 
we  will  suppose,  relatively  to  the  walls  of  a  room,  could  or  could 
not  belong  to  a  fluid,  without  knowing  the  motion  of  the  solar 
system  in  space. 

Since  a  motion  for  which  udx+  &c.  is  integi-able  by  a  factor, 
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though  not  by  itself,  by  mere  composition  with  a  motion  of 
translation  may  be  made  to  pass  into  one  for  which  udx-\-  &c.  is 
not  intcirrablc  even  by  a  factor,  it  follows  that  motions  of  the 
former  kind  do  not  possess  any  /j/ii/sical  characteristic  by  which 
to  distinguish  them  from  their  feHows  of  the  class  for  which  udv  + 
ice.  is  not  an  exact  differential.  This  is  the  "remark"  for  the 
sake  of  which,  partly,  tlie  second  argument  was  introduced, 

I  am  prepared  to  maintain  that,  even  if  the  second  axiom  were 
granted,  the  new  equation  would  not  follow ;  but  I  adhere  to  my 
plan  of  mentioning  only  one  point  at  a  time. 
I  remain.  Gentlemen, 

Yours  sincerely, 
Pembroke  College,  G.  G.  Stokes. 

Jan.  13,  1851. 


XX.  Mineralogical  Notices. 

EPHESITE.       BY  DR.  J.  L.A.WRENCE  SMITH. 

[Sillimau's  American  Journal,  January  1851.] 

THIS  silicate  is  found  with  the  emery  of  Gumuch-dagh,  and 
occurs  on  specimens  of  magnetic  oxide  of  iron.  It  is  of  a 
pearly-white  colour,  and  lamellar  in  structure ;  cleavage  difficult. 
It  scratches  glass  easily,  and  has  a  specific  gravity  of  from  3"15  to 
3"20.  Heated  before  the  blowpipe  it  becomes  milk-white,  but 
does  not  fuse.  At  first  sight  it  uaight  be  taken  for  white  dis- 
thene.  It  is  decomposed  with  great  difficulty  by  carbonate  of 
soda  even  with  the  addition  of  a  little  caustic  soda.  The  alkalies 
were  separated  by  means  of  hydrofluoric  acid. 

Silica 31-54  3004 

Alumina 57"89  56*45 

Lime 1-89  .S-ll] 

Protoxide  of  iron        .     .        1-34  1-00^ 

Soda  with  a  little  potash  ...  4*41  J 

Water 312  306 

This  corresponds  veiy  nearly  to  the  formula — 

2R0,  Si03  -F  5(2AP  O^,  SiO^)  -f-4H0. 

Atoms.  Atomic  weight.  Per  cent.  0.xvgen  ratio. 

Soda      ...     2               781-6             7-08  "   1 

Silica     ...     6             3400-2  30-77  9 

Alumina     .     .  10             6416-2  58-08  15 

Water    .     .     .     4               450-0             4-07  *  2 

This  mineral  has  been  designated  Ephesite  from  its  occurrence 
at  the  emer\-  locality  near  the  ancient  city  of  Ephesus. 
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Pholerite,     By  Dr.  J.  Lawrence  Smith. 

[Silliman's  American  Journal,  January  1851.] 
This  mineral,  which  resembles  pholerite  in  composition,  has 
been  found  with  the  emery  of  Naxos  associated  with  emerylite. 
It  is  white,  lamellar,  and  somewhat  crystalline,  sometimes  gray. 
It  is  soft  to  the  touch  like  steatite,  infusible  before  the  blowpipe, 
and  when  heated  with  nitrate  of  cobalt  becomes  strongly  coloured 
blue.  It  is  scratched  with  the  nail,  and  has  a  specific  gravity  of 
2-564.  Its  composition  is  identical  with  the  pholerite  of  Guil- 
lemin,  also  with  the  mineral  forming  the  gangue  of  the  diaspore 
of  Schemnitz.  It  was  decomposed  with  carbonate  of  soda.  It 
afforded- 


aea — 

Pholerite  of    Gangue  of  diaspora 
Guillemin.     of  Schemnitz — Smith. 

Silica     .     . 

.     44-41 

42-93             42-45 

Alumina     . 

.     41-20 

42-07             42-81 

Lime     .     . 

.        1-21 

trace  and  mag.  trace 

Water    .      . 

.     1314 

15-00             12-92 

This  corresponds  to  the  following  formula,  Af^O^  SiO^  +  2H0  ; 
but  it  is  a  question  whether  or  not  we  should  consider  the  water 
as  existing  in  any  definite  proportion,  and  whether  or  not  they 
did  not  all  contain  more  water  when  first  taken  from  their  loca- 
lities. These  hydrated  silicates  of  alumina  are  numerous,  and 
bear  various  names,  but  it  is  doubtful  if  many  of  them  are  en- 
titled to  much  consideration  as  distinct  species. 

XXI.   On  Electro-Magnetism  as  a  Moving  Power. 
By  Prof.  Chas.  G.  Page*. 

Note. —  [As  no  description  has  yet  been  published  by  Prof.  Page 
of  his  new  electro-motive  engine,  we  gladly  avail  ourselves  of  the 
folio-wing  brief  explanation  which  Prof.  Sillimau  has  given  of  its 
fundamental  principle. — Ens.  Phil.  Mag.] 


T  is  w^ell  kno^Mi  that  when  a  helix  of  suitable  power  is  con- 
nected with  the  poles  of  a  battery  in  action,  that  an  iron  bar 
within  it  will  remain  held  up  by  the  induced  magnetism  although 
the  helix  be  put  in  a  vertical  position  :  and  if  the  bar  be  partly 
drawn  out  of  the  helix  by  the  hand,  it  goes  back  with  a  spring 
when  the  hand  lets  go  its  hold.  This  power — the  action  of  the 
helix  upon  the  metallic  bar  within  it, — is  the  power  used  in  his 
engine.  The  power,  when  a  single  coil  is  used,  has  its  points  of 
greatest  and  weakest  force,  and  in  this  condition  is  objectionable. 
But  by  making  the  coil  to  consist  of  a  series  of  short  independent 
helices,  which  are  to  be  brought  in  action  successively,  the  me- 
tallic rod  is  made  to  pass  through  the  coil  and  back  again  wdth 
*  From  Silliman's  American  Journal  for  November,  1850. 

Phil,  Mag.  S.  4.  Vol.  1 .  No.  2.  Feb.  1851 .  M 
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great  rapidity  and  an  equable  motion.  In  all  the  engines 
hitherto  used,  there  is  a  loss  of  power  at  the  instant  of  the 
change  of  current,  owing  to  the  production  of  a  secondaiy  cur- 
rent moving  in  the  opposite  direction,  and  to  this  loss  is  owing 
the  fact  that  these  engines  cannot  be  rendered  available.  Prof. 
Page  had  in  view  the  obviating  of  this  difficulty  when  he  com- 
menced his  recent  investigations,  and  has  full  success  in  his  new 
invention. 


The  Secretary  of  the  Navy  on  Tuesday  sent  to  the  Senate,  in 
answer  to  their  call  for  information,  the  following  report  from  Pro- 
fessor Charles  G.  Page,  being  an  outline  only  of  bis  experiments  in 
the  application  of  electro-magnetism  : — 

Washington,  August  30,  1860. 

Sir, — In  compliance  with  your  request,  I  have  the  honour  to  report 
to  you  the  progress  made  in  my  experiments,  under  the  act  of  March 
3rd,  1849,  appropriating ^20,000  for  "  testing  the  capacity  and  use- 
fulness of  the  electro-magnetic  power  as  a  mechanical  agent  for  the 
purposes  of  locomotion  and  navigation,  and  the  probable  cost  of  using 
the  same." 

A  schedule  of  expenditures  incurred  up  to  this  date,  amounting 
to  «;^12,667"28,  is  herewith  annexed,  by  which  it  will  appear  that 
considerably  more  than  one-third  of  the  appropriation  remains  yet 
unexpended.  Outstanding  bills  remain  amounting  to  about  <§^1000, 
most  of  which  is  charged  at  the  Navy  Yard  for  material,  Avhich,  when 
deducted,  will  leave  about  one-third  of  the  appropriation  for  further 
prosecution  of  the  experiment. 

From  the  brief  time  allowed,  it  will  be  impossible  for  me  to  do 
more  in  this  report  than  to  give  an  outline  of  the  experiments  which 
I  have  repeated  and  recorded  during  the  past  year.  Their  full  detail 
and  explanation  will  form  a  volume  replete  with  interesting  scien- 
tific matter,  and  require  much  time  and  labour. 

The  first  principal  experiments  were  made  with  a  small  trial  en- 
gine, built  expressly  for  the  purpose,  and  with  the  utmost  care  in 
reference  to  mechanical  accuracy.  Attached  to  this  was  a  dyna- 
mometer of  new  construction,  and  admirably  adajDted  to  the  purpose. 
This  was  invented  by  my  principal  engineer,  and  measured  in  a 
most  satisfactory  manner  the  dynamic  power  of  the  engine  at  any 
given  velocity — a  great  desideratum  in  estimating  this  new  power. 
With  this  trial  engine  the  following  important  questions  were 
tested : — 

1.  The  dynamic  values  of  different  quaUties  of  soft  iron. 

2.  The  dynamic  values  of  steel — hard  and  soft. 

3.  The  dynamic  value  of  cast  iron. 

The  statical  values  of  all  these  varieties  were  tested  by  a  separate 
apparatus  constructed  for  the  pui-pose,  called  the  axial  galvanometer. 
Twelve  varieties  in  all  were  tested,  and  were  in  bars  of  uniform  size, 
one  foot  in  length,  and  one  inch  in  diameter,  and  it  was  found  that 
the  statical  and  dynamic  properties  corresponded. 
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4.  The  proportions  of  the  helices  were  approximately  tested; 
though  much  remains  unsettled  yet  upon  this  important  point. 

5.  The  advantage  of  keeping  up  the  magnetism  in  the  axial  bar 
was  most  satisfactorily  tested. 

6.  Various  modes  were  tried  of  reversing  the  motion  of  the  en- 
gine, and  with  success. 

7.  Various  kinds  of  cut-off  (which  is  the  most  critical  and  im- 
portant point  in  the  construction  of  the  engine)  were  tried. 

8.  The  operation  of  closed  circuits  and  secondary  currents  was 
tested  by  a  number  of  experiments,  requiring  great  care  and  ac- 
curacy. 

9.  The  best  working  velocity  of  this  engine,  and  its  absolute 
power  with  a  given  battery,  was  fuUy  tested. 

10.  The  ratio  of  the  increase  of  power,  with  an  increase  in  the 
quantity  of  the  current. 

1 1 .  The  values  of  different  kinds  of  metal  in  forming  the  cut-off. 

12.  Various  mechanical  points  of  construction,  supposed  to  have 
been  incompatible  with  the  exhibition  of  this  power,  were  put  to  a 
practical  test. 

"\'^arious  other  minor  points  also  were  the  subject  of  experiment, 
which  wiU  be  communicated  hereafter. 

A  second  model,  of  small  size  and  somewhat  rude  construction, 
was  also  made,  with  a  view  of  testing  a  new  arrangement  of  the 
axial  bars. 

Experiments  were  then  commenced  upon  a  larger  scale,  with  a 
view  to  determine  whether  the  same  proportion  of  power  could  be 
obtained  from  large  as  from  small  engines,  this  being  the  principal 
question  in  view  at  the  time  of  the  grant  of  the  appropriation. 

With  a  view  to  facilitate  the  construction  of  helices  of  large  size, 
a  machine  which  had  long  been  in  contemplation  was  made  at  a 
considerable  expense.  The  work  was  done  at  the  Navy  Yard  in  a 
creditable  manner,  and  the  machine  performed  its  work  well,  turning 
out  entire  helices  of  copper  wire,  of  large  size,  from  straight  bars. 
But  before  I  had  proceeded  far,  a  discovery  was  made  in  reference 
to  the  helix  which  rendered  the  machine  useless,  for  the  present  at 
least. 

A  number  of  large  helices  were  then  constructed  of  various  sizes, 
and  suitable  bars  of  soft  iron  prepared,  corresponding  to  the  helices. 
Hollow  and  solid  bars  were  prepared,  from  two  inches  to  eight 
inches  in  diameter,  and  generally  three  feet  in  length.  Some  bars 
of  four  and  five  feet  in  length  were  also  prepared.  The  bars  were 
all  worked  at  the  NaAry  Yard,  and  at  a  considerable  expense,  as  they 
M'ere  required  to  be  of  homogeneous  metal,  accurately  turned  and 
bored. 

With  these  bars  and  helices  a  multitude  of  experiments  were  per- 
formed and  recorded,  and  these  were  kept  up  day  after  day  for 
about  two  months.  My  official  duties  as  Examiner  in  the  Patent 
Office  left  me  only  the  evening  of  each  day  for  operation  ;  and, 
under  such  circumstances,  you  will  readily  appreciate  the  difficulties 
and  disadvantages  under  which  I  have  laboured.     My  own  zeal  has 

M2 


164       Prof.  Page  on  Electro- Magnetism  us  a  Moving  Power. 

led  me  beyond  my  strength  ;  but  I  have  been  richly  rewarded  by  the 
most  flattering  results. 

The  experiments  here  were  not  such  as  could  be  performed  upon 
the  laboratory  table ;  but  were  with  large  masses  of  iron,  weigh- 
ing in  some  cases  300  pounds,  and  helices  sometimes  twice  that 
weight. 

Adhering  to  the  same  size  of  battery  through  a  long  series  of  ex- 
periments, and  varying  the  coils  and  bars,  I  found,  to  my  great  gra- 
tification, that  as  I  increased  the  dimensions  of  each,  a  corresponding 
increase  of  power  was  exhibited,  and  the  consumption  of  material, 
or  cost  of  the  power,  in  some  proportion  diminished.  These  results 
Avere  encouraging  and  stimulating  in  the  highest  degree,  and  fully 
justified  the  undertaking  at  once  of  an  engine  upon  a  much  larger 
scale  than  any  hitherto  tried. 

This  engine,  the  framework  of  which  was  principally  built  at  the 
Navy  Yard,  was  an  upright  engine  of  two-feet  stroke ;  and  in  order 
to  have  facilities  for  comparative  trials  and  expei'iments,  it  was  ne- 
cessary that  a  double  engine  should  be  made,  the  two  parts  exactly 
corresponding.  Two  bars  of  soft  iron,  six  inches  diameter  and  three 
feet  in  length,  w'ere  the  prime  movers,  and  these  were  balanced  by 
means  of  connecting  rods  and  cranks  upon  a  fly-wheel  shaft.  The 
balance-wheel  and  shaft  together  weighed  GOO  pounds.  When 
this  engine  was  first  tried,  with  the  same  battery  which  had  before 
given  me  one-fifth  of  a  horse  power,  with  a  smaller  engine,  it  pro- 
duced only  one-third  of  a  horse  power.  By  careful  attention  to  the 
adjustments,  and  particularly  to  tlie  cut-oflf,  which  was  a  very  dif- 
ferent thing  now  from  what  it  had  been  in  smaller  engines,  the  en- 
gine soon  yielded  one-horse  power.  Here  was  a  gain  of  eighty  per 
cent,  as  measured  merely  by  the  size  of  the  battery.  But  it  was 
much  more ;  for  the  cost  was  found  to  be  less  for  one-horse  power 
than  it  had  been  before  for  one -fifth  of  a  horse  power  in  a  smaller 
engine  ;  how  much  less  has  not  yet  been  ascertained. 

A  great  variety  of  experiments  were  continued  with  this  engine, 
to  be  hereafter  detailed,  each  having  a  definite  object ;  and,  I  am 
happy  to  say,  each  resulting  advantageously  ;  so  that  finally,  by  little 
daily  increments,  1  obtained  from  this  engine,  by  a  trifling  addition 
of  battery,  a  full  two-horse  power. 

By  way  of  giving  a  practical  character  to  the  engine,  it  was  geared 
to  a  circular  saw  ten  inches  in  diameter,  the  turning  lathe  and  grind- 
stone of  the  workshop,  all  of  which  it  worked  simultaneously,  as 
witnessed  by  a  number  of  visitors,  and,  if  I  mistake  not,  by  your 
predecessor  in  oflice,  in  compan)'  with  Lieut.  Maury,  of  the  Na- 
tional Observatorjf. 

After  many  satisfactory  trials  with  this  engine  it  was  taken  down, 
and  all  its  available  parts  used  in  the  construction  of  the  single  hori- 
zontal engine  which  I  had  the  honour  lately  to  exhibit  before  the 
Smithsonian  Institution.  This  change  was  made  for  the  purpose  of 
dispensing  with  the  dead  weight  of  one  of  the  driving-bars,  and  more 
particularly  for  introducing  the  important  feature  of  keeping  up  the 
magnetism  of  the  driving-bar.     As  soon  as  this  new  form  was  com- 
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pleted  and  tried,  a  gain  of  one-half  horse  power  was  at  once  realized, 
and  by  the  addition  of  a  fev/  more  feet  of  battery  surface,  the  power 
was  found  to  be  above  four  horse.  Further  addition  of  battery 
would  still  augment  the  power,  and  I  see  no  reason  why  ten-horse 
power  might  not  be  obtained  from  this  engine  by  the  addition  of 
more  battery ;  but  whether  it  would  be  oeconomical  to  increase 
power  by  this  means  alone,  and  to  ascertain  the  point,  for  this  and 
every  other  engine,  beyond  which  oeconomy  would  cease,  by  in- 
creasing the  battery  alone,  are  matters  to  be  determined  by  experi- 
ment. 

The  next  most  important  point  to  be  determined  was  the  expense 
of  this  power.  Much  to  my  own  surprise  and  gratification,  the  expense 
was  found  to  be  less  than  the  most  expensive  steam  engines ;  al- 
though recently,  in  Europe,  it  has  been  decided  by  experimenters 
and  men  of  science,  and  generally  conceded,  that  it  was  fifty  times 
the  cost  of  the  dearest  steam-engines.  It  is  still,  however,  consi- 
derably dearer  than  the  cheaper  sort  of  steam-engines ;  but  this  is 
no  obstacle  to  its  introduction,  considering  its  immense  advantages 
in  other  respects.  Moreover,  if  thus  much  has  been  done  in  the 
very  inception  of  this  undertaking,  what  may  we  reasonably  expect 
from  its  further  prosecution*  ? 

Before  it  can  be  rendered  available  in  practice  much  remains  to 
be  done  with  the  galvanic  battery,  to  render  its  action  regular  and 
durable,  and  in  other  ways  to  establish  a  certainty  of  action,  so  that 
the  engines  may  be  managed  by  persons  not  thoroughly  skilled  in 
the  subjects  of  electricity  and  magnetism. 

It  remains  yet  also  to  be  proved  whether  the  power  will  increase 
in  proportion  to  the  size  of  the  engines.  This  principle  seems  to  be 
strongly  indicated  by  past  experiments,  but  yet  it  cannot  be  esta- 
blished by  calculation  or  process  of  reasoning.  Experiment  upon 
an  extensive  scale  can  alone  determine  this  point.  A  part  of  the 
work  preparatory  to  building  a  locomotive  engine  has  been  done ; 
but  it  seems  necessary  to  try  further  experiments  before  incurring 
the  expense  of  another  large  engine  upon  the  plan  above-mentioned. 

*  Prof.  Page  stated  in  his  remai'ks  before  the  American  Association,  that 
one  horse  power  for  twenty-four  hours  would  cost  about  20  cents.  Prof. 
W.  R.  Johnson  obseiTed  that  his  estimate  was  based  upon  too  high  a  cost 
for  the  zinc,  and  that  10  cents  would  be  a  nearer  estimate.  In  either  case, 
a  verj-  great  advance  is  made  upon  all  previous  experiments. 

Prof.  Page  also  observed,  that  the  cost  of  electro-magnetic  power  was 
not  to  be  reckoned  in  this  comparison  by  the  mere  cost  of  zinc,  nor  the  cost 
of  steam  by  the  poimds  of  coal  consumed.  The  cost  of  human  Hie,  the 
sacrifice  of  millions  of  property,  and  risk  of  many  millions  more,  and  all 
the  contingent  advantages  and  (hsadvantages  were  to  be  taken  into  account. 

With  regard  to  his  mode  of  measm-ing  the  power  of  the  engine.  Prof. 
Page  explained  as  follows  after  drawing  a  chagram  of  the  fly-wheel.  The 
brake  was  loaded  to  620  lbs.  The  power  required  bai-ely  to  keep  the  en- 
gine in  motion  under  this  load  was  126  lbs.  The  full  power  being  on,  the 
engine  made  eighty  revolutions  jier  minute  under  this  load.  The  circum- 
ference of  the  wheel  being  about  four  feet,  it  was  easy  for  any  one  to  com- 
pute the  horse  power  from  these  data. 
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The  rotary  form  of  the  engine  has  not  yet  been  tested,  although  it 
possesses  advantages  not  to  be  found  in  any  form  of  the  recipro- 
cating engine.  There  are  some  obvious  disadvantages  attending  its 
construction ;  but  it  is  hoped  that  they  will  be  outweighed,  more 
especially  as  this  form  of  the  engine  will  occupy  less  than  one-half 
the  room  required  for  the  reciprocating  form*. 

It  would  seem  very  desirable  that  the  investigation  thus  begun, 
and  so  far  successfully  conducted,  should  be  carried  at  least  beyond 
an  uncertain  issue,  and  that  every  important  point  should  be  settled, 

*  The  following  notice  of  Prof.  Page's  experiments  is  from  the  Daily 
National  Intelhgeucer  of  September  1 1 . 

Dr.  Page's  method  is  peculiar  and  entirely  new,  and  distinct  from  every 
other  hitherto  tried ;  and  therein  lies  the  source  of  his  success.  Instead 
of  going  upon  beaten  tracks,  which,  though  seeminglj-  fair,  he  was  per- 
suaded woijd  not  reach  the  desired  end,  he  marked  out  an  entirel)'  new 
one.  One  great  difference  between  his  and  other  plans,  as  I  understand  it 
to  be,  is  this :  In  all  former  electro-magnetic  machines,  the  power  is  made 
up  of  a  series  of  impulses,  while  in  this,  which  he  styles  an  axial  machine, 
or  engine,  the  power  is  uniform  and  continuous ;  and  it  is  just  as  easy  to 
make  a  reciprocating  engine  of  twentj'-foiu-  feet  stroke  as  one  of  two  feet, 
like  that  already  constructed  and  recently  exhibited. 

I  saw  at  the  laboratory  of  Dr.  Page,  a  rotary  axial  engine,  which  he 
thinks  ma)",  in  many  cases,  supersede  the  reciprocating.  It  is  really  a 
em-ious  machine ;  and  looking  at  this,  and  all  his  wonderful  results,  it  ap- 
peal's as  if  we  had  just  entered  upon  a  new  aera  in  science  and  art,  promising 
revolutions  in  social  life  and  business  pm-suits  as  miraculous  to  the  people 
of  the  day  as  have  been  those  effected  by  the  steam-engine  and  the  mag- 
netic telegraph.     *     *     * 

In  order  to  show  that  there  was  something  like  power,  he  loaded  down 
the  engine,  placed  the  crank  at  half-stroke,  and  then  a  hook  over  the  end 
of  the  crank,  to  which  hook  was  attached  a  long  rope.  Three  of  the 
strongest  men  of  the  j^arty  then  took  hold  of  the  rope,  two  of  them  having 
then-  feet  braced.  The  three  men  could  not  start  the  engine  a  hair  s 
breadth.  Fom*  of  the  men  then  took  hold,  and  they  moved  the  crank  two 
inches,  where  it  stuck  fast.  The  power  was  then  let  on,  and  the  engine 
started,  and  made  a  speed  of  ninety  revolutions  in  a  minute.  By  taking 
off  fourteen  pounds  from  the  end  of  his  fiiction-brake,  the  engine  made  110 
revolutions  per  minute.  Professor  Page  stated  that  this  was  not  testing 
the  power  of  the  engine,  but  it  showed  that  what  foiu*  men  could  but  just 
move  through  two  inches,  the  engine  carried  through  one-fifth  of  a  mile, 
and  that,  too,  in  one  minute.  Understand  that,  from  the  change  in  the 
position  of  the  crank,  the  power  of  four  men  could  go  no  further  than 
the  two  inches. 

Professor  Page  expects  to  make  a  trial  upon  a  railroad  soon.  He  has 
sufficient  power  now  to  make  a  demonstration,  but  is  not  satisfied  with  it. 
He  would  be  glad  to  make  the  first  trip  with  fifteen  to  twenty  horse  power. 
It  is,  however,  in  navigation  that  he  expects  the  greatest  benefits  from  this 
invention,  and  I  would  like  to  see  the  project  carried  out  of  an  engine  and 
magnetic  boat  (not  steam-hoat)  of  100  horse  power.  This  would  settle  the 
question,  and  enable  the  world  to  enter  upon  the  l)enefits  of  the  discoveiy, 
or  satisfy  mankind  that  tlie  power  caimot  be  made  available  for  *'  loco- 
motion or  navigation;"  and  thus  ai'rest  the  further  sacrifice  of  mind  and 
means,  in  endeavom-s  to  find  that  which  (if  it  cannot  be  seciu-ed  by  e 
present  plan)  does  not  probably  exist. 
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and  particularly  that  of  its  availability  on  an  extensive  scale.  The 
power  is  peculiarly  fitted  for  purposes  of  navigation,  if  it  can  be 
made  subservient ;  and  a  trial  upon  a  scale  of  100  horse  power 
seems  to  be  the  only  mode  of  arriving  at  a  definite  conclusion  upon 
this  point.  It  is  obvious  that,  preliminary  to  such  an  undertaking, 
a  great  many  experiments  will  be  absolutely  necessary  ;  and  such 
only  as  one  quite  familiar  with  the  difficulties  of  entering  upon  an 
entirely  new  field  of  operation  can  properly  appreciate* . 
I  have  the  honour  to  be,  most  respectfully. 

Your  obedient  Servant, 
Hon.  Wm.  A.  Graham,  Chas.  G.  Page. 

Secretary  of  the  Navy. 
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May  30,  Ti/I  R.  WELD  communicated   the  following  particulars 

1850.     ^^-^   respecting  the  original  model  of  the  safety-lamp  which 

was  presented  to  the  Society  at  this  meeting  by  Joseph  Hodgson, 

Esq.,  F.R.S. 

In  November  1815,  Sir  Humphry  Davy  read  a  paper  before  the 
Royal  Society  *  On  the  Fire  damp  of  Coal  Mines,  and  on  Methods 
of  lighting  the  Mines  so  as  to  prevent  its  Explosion.'  In  this  commu- 
nication he  described  a  safe  light;  "  which  became  extinguished  when 
introduced  into  very  explosive  mixtures  of  fire-damp:"  but  as  this 
fell  short  of  the  philosopher's  wishes,  he  instituted  a  fresh  series  of 
experiments,  which  resulted  in  his  invention  of  the  safety-lamp, 
described  in  a  paper  read  before  the  Society  in  January  1816. 
"  The  invention,"  he  says,  "  consists  in  covering  or  surrounding  the 
flame  of  a  lamp  or  candle  by  a  wire  sieve ;"  and  he  adds,  "  when  a 
lighted  lamp  or  candle  screwed  into  a  ring  soldered  to  a  cylinder  of 
wire  gauze,  having  no  apertures  except  those  of  the  gauze,  is  intro- 
duced into  the  most  explosive  mixture  of  carburetted  hydrogen  and 
air,  the  cylinder  becomes  filled  with  a  bright  flame,  and  this  flame 
continues  to  burn  as  long  as  the  mixture  is  explosive."  The  model 
in  the  possession  of  the  Royal  Society  answers  in  every  respect  to 
this  description,  and  to  the  representation  of  the  lamp  which  accom- 
panies the  paper.  It  was  made  by  Sir  Humphry's  own  hands,  and 
given  by  him  to  Dr.  Lee,  now  Lord  Bishop  of  Manchester,  whose 
father  was  Assistant  Secretary  to  the  Royal  Society  at  the  time  of 
Davy's  Presidency.  The  excessive  simplicity  of  the  contrivance  is 
most  remarkable ;  but  this  is  one  of  the  greatest  advantages  which 
attended  the  invention.     As  the  author  remarks  in  the  paper  just 

*  In  a  letter  to  the  Editors  of  the  American  Journal  of  Science,  dated 
October  14,  1850,  Prof.  Page  states,  "My  engine  has  now  reached  10  horse 
power.  The  data  are  as  follows  : — Engine,  two-feet  stroke ;  fly-wheel,  13"29 
feet  in  circumference,  102  revolutions  with  1900  pounds  pressiu-e  upon  its 
periphery." 
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quoted,  "  All  that  the  miner  requires  to  ensure  security,  are  small 
wire  cages  to  surround  liis  candle  or  lamp,  which  may  be  made  for 
a  few  pence,  anil  of  which  various  modifications  may  be  adopted. 
And  the  application  of  this  discovery  will  not  only  preserve  hira 
from  the  fire-damp,  but  enable  him  to  apply  it  to  use  and  to  destroy 
it  at  the  same  time  that  it  gives  him  a  useful  light."  A  month  after 
the  invention  Sir  Humphry  informed  the  Society  that  his  cylinder 
lamps  had  been  used  in  two  of  the  most  dangerous  mines  near  New- 
castle with  perfect  success. 

"  On  the  Meteorology  of  the  Lake  District  of  Cumberland  and 
We-tmoreland,  with  a  continuation  of  the  results  of  experiments 
on  the  fall  of  Rain  at  various  heights,  up  to  3166  feet  above  the 
Sea-Level."  Rv  J.  F.  Miller,  Esq.,  F.R.A.S.  Communicated  by 
Lieut.-Col.  Sabine,  R.A.,  For.  Sec.  R.S. 

In  this  communication  are  given  the  results  of  the  observations  of 
the  quantity  of  rain  which  has  fallen  during  the  year  1849  at  twenty 
stations  in  the  valleys,  and  six  mountain  stations,  varying  in  altitude 
above  the  sea  from  500  feet  to  3166  feet.  There  is  also  given  a 
table  of  the  temperature  at  Seathwaite  in  Borrowdale  during  the 
year  1849. 

With  reference  to  the  mountain  gauges,  the  author  observes  that, 
on  the  whole,  the  results  are  similar  to  those  of  the  three  preceding 
years,  but,  as  might  be  looked  for  in  a  dry  year  like  the  past,  the 
quantities  of  rain  deposited  at  the  various  stations  are  more  nearly 
equal  than  usual.  With  respect  to  the  temperature,  he  observes  that 
the  statement  he  made  in  his  last  communication,  that "  the  inhabit- 
ants of  the  Lake  District  valleys  enjoyed  a  milder  and  more  equable 
climate  than  the  residents  in  the  open  country,  and  particularly  in 
the  winter  months,"  is  confirmed  by  the  thermometrical  results  of 
the  present  winter  (l84'9-50). 

"On  the  relation  of  the  Air  and  Evaporation  Temperatures 
to  the  Temperature  of  the  DewPoint,  as  determined  by  Mr. 
Glaisher's  Hvgrometrical  Tables  founded  on  the  factors  deduced 
from  the  Six-hourly  observations  made  at  the  Royal  Observatory, 
Greenwich."  By  J.  F.  Miller,  Esq.,  F.R.A.S.  Communicated  by 
Lieut.-Col.  Sal.ine,  R.A.,  For.  See.  R.S. 

After  pointing  out  the  importance  of  the  hygrometer,  both  in  a 
scientific  and  a  practical  point  of  view,  the  author  goes  into  the 
question  of  the  advantages  and  disadvantages  attending  the  use  of 
Daniell's  hygrometer,  and  the  relative  merits  of  this  instrument 
and  the  dry  and  wet-bulb  thermometers.  Although  satisfied  of  the 
accuracy  of  [Nlr.  Glaisher's  Tables  (founded  on  the  Greenwich  Ob- 
servations), which  show  at  once  the  relation  of  the  temperature  of 
evaporation  to  tliat  of  the  dew-point,  he  was  unwilling  to  abandon 
the  use  of  Daniell's  apparatus  for  that  of  the  wet  and  dry-bulb  ther- 
mometers, slight  as  is  the  trouble  of  observing  them,  without  personal 
experience  of  the  correctness  of  the  tables  from  which  the  dew-point 
was  to  be  deduced.  He  therefore  instituted  a  series  of  perfectly  com- 
parable observations  by  the  two  methods,  and  in  this  communication 
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gives  the  results  obtained  from  them  during  a  period  of  twenty 
months.  From  a  comparison  of  the  dew-points  determined  by  the 
two  methods,  he  concludes  that  the  results  show  in  a  striking  man- 
ner the  extreme  accuracy  of  Mr.  Glaisher's  Tables,  and  afford  ad- 
ditional testimony  to  the  value  of  the  Greenwich  Hygrometrical 
Observations,  and  the  resulting  formula  on  which  those  tables  are 
founded. 

The  author  then  refers  to  the  subject  of  evaporation,  and  gives 
the  results  of  his  own  observations  at  Whitehaven  during  six  years, 
viz.  from  181-3  to  IS^S  inclusive.  From  these  he  states  that  the 
mean  annual  amount  of  evaporation  is 30*011  inches;  and  the  mean 
quantity  of  rain  for  the  same  period  being  45"255  inches,  the  depth 
of  the  water  precipitated  exceeds  that  taken  up  by  evaporation,  on 
the  coast  in  latitude  54?^°,  by  15"24'4<  inches. 


XXIII.  Intelligence  and  Miscellaneous  Articles. 

GEOGRAPHICAL  SOCIETY  OF  FRANCE. 

IN  a  former  volume  of  the  Philosophical  Magazine*  we  recorded 
■^  the  award  made  by  this  Society  of  its  gold  medal  to  Dr.  Beke  for 
his  extensive  exploration  in  Abessinia,  in  respect  of  which  the  gold 
medal  of  the  Royal  Geographical  Society  of  London  had  previously 
been  conferred  on  him.  We  have  now  to  announce  that  that  tra- 
veller has  returned  the  French  medal  under  circumstances  of  a  some- 
what peculiar  character.  It  is  well  known  to  the  scientific  world 
that  Dr.  Beke  has  long  entertained  doubts  as  to  the  reality  of  a 
journey  alleged  to  have  been  performed  by  M.  d'Abbadie  to  the 
country  of  Kaffa  to  discover  the  source  of  the  Nile,  and  that  he  has 
recently  published  a  pamphlet,  under  the  title  of  "  An  Inquiry  into 
M.  d'Abbadie's  Journey  to  Kaffa,"  in  which  he  has  adduced  argu- 
ments and  proofs  intended  to  show  that  that  journey  could  not  pos- 
sibly have  taken  place. 

Previously,  however,  to  the  publication  of  this  pamphlet,  M.  d'Ab- 
badie had  availed  himself  of  the  Bidletin  of  the  Geographical  Society 
of  France  to  make  repeated  attacks  on  Dr.  Beke  ;  and  on  the  latter's 
seeking  to  reply  thereto  in  the  same  journal,  he  was  not  only  denied 
that  right,  but  the  Society  itself  volunteered  an  adverse  critique  of 
a  paper  of  his  on  the  languages  of  Abessinia,  printed  a  short  time 
since  in  Berghaus's  Physikalischer  Atlas,  which  critique,  from  in- 
ternal evidence,  is  considered  by  Dr.  Beke  to  have  emanated  from 
M.  d'Abbadie  himself.  Under  these  circumstances,  and  seeing  that 
the  Society  has  conferred  its  gold  medal  on  M.  d'Abbadie  for  a 
journey  which  Dr.  Beke  believes  to  be  a  fabrication,  he  has  I'eturned 
the  medal  awarded  to  himself,  and  has  given  his  reasons  for  so  doing 
in  a  letter  to  M.  de  la  lloquette,  the  General  Secretary  of  the  Central 
Committee  of  the  Society,  which  he  has  had  printed  for  general  distri- 
bution-]-. In  this  letter  Dr.  Beke  says,  "  When  I  now  see  the  Society 
not  merely  refusing  to  do  justice,  but  actually  descending  from  the 

*  Vol.  xxix.  p.  73.  3rd  Series. 

t  Published  bv  J.  Madden,  Leadenhall  Street. 
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position  of  a  judge  to  assume  the  character  of  a  partisan  and  advo- 
cate, and  when  I  also  see  it  conferring  a  distinction,  which,  to  be 
appreciated,  ought  only  to  be  the  reward  of  undoubted  merit,  on  one 
who  clearly  does  not  possess  that  merit,  I  feel  that  it  would  ill  be- 
come me  to  retain  such  a  distinction  any  longer." 


SINGULAR    PROPERTY,  AND  EXTRAORDINARY  SIZE  AND    LENGTH 
OF  THE  SECONDARY  SPARK.       BY  PROF.  CHAS.  G.  PAGE,  M.D. 

In  experimenting  with  my  great  magnet,  a  new  property  of  the 
secondary  spark  has  been  discovered  and  some  very  interesting  facts 
elicited.  I  will  premise  that  the  helix,  nearly  a  foot  in  diameter 
each  way,  when  charged  by  the  battery,  draws  up  within  it  in  a 
vertical  position  a  huge  bar  of  iron  weighing  300  pounds  through  a 
distance  of  ten  inches,  presenting  by  far  the  most  powerful  magnet 
ever  known.  When  the  circuit  with  the  helix  is  suddenly  broken, 
a  secondary  spark  is  produced  eight  inches  in  length. 

The  most  interesting  feature  of  this  spark  is  the  modification  of 
its  form  and  sound  by  the  action  of  magnetism.  When  the  spark  is 
produced  at  a  distance  from  the  magnet,  it  is  readily  elongated  to 
six  or  eight  inches,  and  I  presume  might  be  obtained  a  foot  or  more 
in  length  if  the  wires  were  separated  with  the  velocity  of  a  cannon- 
ball,  as  suggested  by  my  friend  Mr.  Lane.  In  this  case  there  is 
little  or  no  noise  made  by  the  spark ;  but  as  the  spark  is  produced 
nearer  to  the  magnetic  pole,  the  sound  increases,  until  at  last,  when 
close  to  the  pole,  each  spark  makes  a  report  as  loud  as  a  pistol. 
The  spark  also  diminishes  in  length,  and  is  spread  out  as  large  as 
the  palm  of  the  hand.  There  is  an  effect  here  somewhat  analogous 
to  that  produced  by  a  magnet  upon  the  arc  of  flame  between  charcoal 
points. — From  Silliman's  American  Journal  for  November  1850. 


ON  THE  EQUIVALENT  OF  MAGNESIUM. 
BY  MM.  R.   F.  MARCHAND  AND  TH.  SCHEERER. 

The  uncertainty  which  still  exists  as  to  the  true  chemical  equiva- 
lent of  magnesium,  notwithstanding  the  numerous  experiments  on 
the  subject,  induced  the  authors  to  undertake  fresh  researches  to 
settle  the  question. 

The  process  which  these  chemists  adopted  to  determine  this  sub- 
ject, consists  in  ascertaining  the  quantity  of  carbonic  acid  contained 
in  a  given  quantity  of  native  carbonate  of  magnesia.  The  mineral 
which  principally  served  for  these  experiments  is  the  magnesite  of 
Frankenstein,  of  which  verj'  pure  specimens  were  obtained.  The 
numerous  experiments  which  the  authors  performed  show  that  the 
choice  of  the  mineral  is  in  nowise  indifferent.  When  magnesite 
contains  considerable  quantities  of  silica,  carbonate  of  iron,  alumina, 
and  especially  water,  which  it  is  almost  impossible  to  expel  by  drying 
without  simultaneously  disengaging  small  quantities  of  carbonic  acid, 
it  is  unfit  for  the  purpose  of  analysis. 

The  magnesite  of  Frankenstein  contains  only  005  per  cent,  of 
foreign  matter,  of  which  an  account  is  taken  in  the  calculations.  A 
certain  quantity  of  this  mineral,  well-powdered,  was  introduced  into  a 
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glass  tube,  and  was  placed  in  a  stove,  the  temperature  of  which  could 
be  raised  at  pleasure.  By  heating  this  stove  to  300°  C,  and  at  the 
same  time  passing  a  current  of  dry  air  deprived  of  carbonic  acid,  aU 
the  water  which  the  magnesite  contained  was  removed  with  cer- 
tainty ;  but  at  the  same  time  carbonic  acid  was  disengaged,  which 
it  was  requisite  to  collect  and  estimate.  For  this  purpose  the  cur- 
rent of  air  was  directed,  at  its  exit  from  the  tube,  into  two  vials  con- 
taining perfectly  transparent  barytes  water.  The  carbonate  of  barytes 
collected  at  the  conclusion  of  the  drying  was  estimated  in  the  state 
of  sulphate  ;  and  the  quantity  of  carbonic  acid,  which  the  weight  of 
the  sulphate  represented,  was  added  to  that  obtained  by  the  follow- 
ing operation. 

The  residue  which  remained  in  the  tube,  after  being  weighed,  was 
calcined  at  a  strong  red  heat ;  the  loss  of  weight  indicated  almost 
the  whole  of  the  carbonic  acid  contained  in  the  mineral ;  the  cal- 
cined residue  still  contained  a  trace  of  it.  To  determine  its  amount, 
the  authors  dissolved  the  residue  in  hydrochloric  acid,  and  passed 
over  the  hot  solution  a  current  of  air,  which  removed  some  traces  of 
carbonic  acid,  and  which  were  deposited  in  perfectly  clear  barytes 
water.  Thus  the  whole  quantity  of  carbonic  acid  which  a  given 
weight  of  the  magnesite  contained,  consisted  of — 1,  the  portion  re- 
moved by  drying  at  300°  ;  2,  that  expelled  by  calcination ;  8,  the 
small  portion  which  remained  in  the  calcined  residue. 

All  these  experiments  were  performed  and  considered  with  suffi- 
cient care,  and  gave  satisfactory  results.  The  eleven  last  determi- 
nations, which  the  authors  deem  most  worthy  of  confidence,  gave  a 
mean  of  25034  as  the  equivalent  of  magnesium. 

As  all  the  errors  which  may  be  committed  in  such  delicate  analyses 
tend  rather  to  lower  the  real  number,  MM.  Marchand  and  Scheerer 
are  of  opinion,  that,  neglecting  the  insignificant  fraction  of  thirty- 
four  hundredths,  the  round  number  250  may  be  adopted  as  the  equiva- 
lent of  magnesium,  that  of  oxygen  being  100,  or  20,  taking  the  equi- 
valent of  hydrogen  as  unity.  According  to  this  statement,  100  parts 
of  magnesia  consist  of  60  magnesium  and  40  oxygen  ;  and  100  parts 
of  carbonate  of  magnesia  are  constituted  of  47 "619  carbonic  acid  and 
52"38  of  magnesia. 

The  researches  of  MM.  Marchand  and  Scheerer  place  magnesium 
among  the  number  of  simple  substances,  the  equivalents  of  which 
are  multiples  of  that  of  hydrogen  by  a  whole  number. — Journ.  de 
Pharm.  et  de  Chim.,  Decembre  1850. 


ON  A  SERIES  OF  ALKALOIDS  HOMOLOGOUS  WITH  AMMOXIA- 
aiETHYLAMIXE.       BY  M.  A.   WURTZ. 

The  process  by  which  this  base  was  obtained  does  not  differ  from 
that  employed  by  chemists  for  preparing  ammonia.  The  hydrochlo- 
rate  of  methylamine,  perfectly  dried,  is  mixed  with  twice  its  weight 
of  lime,  and  the  mixture  is  introduced  into  a  long  tube  closed  at  one 
end,  so  as  to  occupy  one-half  of  it,  the  remaining  half  being  filled 
with  fragments  of  potash.     A  tube  is  adapted  which  is  connected 
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with  the  mercurial  trough.  The  tube  is  slightly  heated,  commencing 
at  the  closed  end.  The  methyliac  gas  displaced  by  the  lime  is  dis- 
engaged plentifully,  and  is  received  in  the  jar  filled  with  mercury. 
The  very  simple  apparatus  described  allows  of  very  easy  regulation 
of  the  evolution  of  the  gas,  which  is  never  mixed  with  much  air,  the 
tube  being  almost  entirely  filled  with  the  mixture. 

Thus  prepared,  methylamine  is  a  non-permanent  gas.  At  some 
degrees  below  0  C.  it  condenses  into  a  very  mobile  liquid,  which 
does  not  solidify  in  a  mixture  of  solid  carbonic  acid  and  aether. 

In  a  ven,'  moist  atmosphere,  methyliac  gas  condenses  the  vapour 
of  water.  Its  odour  is  strongly  ammoniacal,  and  sometimes,  when 
it  is  not  perfectly  pure,  the  smell  of  stale  fish  may  be  detected  with  it. 

The  density  of  the  vapour  was  determined  in  the  laboratory  of 
M.  Regnault'by  M.  Izani.  Taken  at  43°  C.  it  was  1-08  ;  the  theo- 
retic density  is  r073I  for  4  volumes. 

Methyliac  gas  is  the  most  soluble  of  gases  hitherto  known.  At 
the  temperature  of  1'2°'.5  C,  O'GoOgr.  of  water  contained  in  a  small 
bulb  and  introduced  into  the  gas  dissolved  750  cubic  centimetres. 
According  to  this  experiment,  1  volume  of  water  at  1 2°' 5  would  dis- 
solve 1153"9,  or,  in  round  numbers,  1 150  volumes  of  methyliac  gas. 
In  another  experiment  made  with  a  less  pure  gas,  one  volume  of 
water  took  up  only  1040  volumes  of  this  gas.  A  higher  temperature, 
as  might  be  expected,  diminishes  its  solubility  :  at  25°  C.  water  takes 
up  only  959  times  its  volume. 

Methyliac  gas  is  strongly  alkaline.  Like  ammonia,  it  restores  the 
blue  colour  to  reddened  litmus,  and  gives  thick  white  vapour  when 
exposed  to  a  rod  moistened  with  hydrochloric  acid.  It  absorbs  a 
volume  equal  to  its  own  of  hydrochloric  acid  gas,  and  condenses  with 
it  into  a  white  solid  salt,  which  adheres,  like  sal-ammoniac,  to  the 
sides  of  the  tube,  and  it  deliquesces  when  in  contact  with  moist  air. 

Methyliac  gas  condenses  with  half  its  volume  of  drj'  carbonic  acid 
into  a  white  solid,  analogous  to  anhydrous  carbonate  of  ammonia. 
It  is  distinguished  from  ammonia  by  the  following  property  :  when 
exposed  to  a  lighted  taper,  it  takes  fire  and  burns  with  a  livid  yel- 
lowish flame,  like  that  of  all  combustible  substances  which  contain 
nitrogen.  In  burning  it  gives  rise  to  water,  carbonic  acid  and  ni- 
trogen ;  when  the  combustion  is  incomplete,  these  gases  are  mixed 
with  a  small  quantity  of  cyanogen  or  prussic  acid. 

The  composition  of  methyliac  gas  is  represented  by  C^  H^  N  =  4 
volumes. 

To  effect  the  analysis,  the  author  employed  three  diflferent  methods, 
which  yielded  similar  results.  The  first  consisted  in  burning  the 
gas  in  the  eudiometer  with  excess  of  oxygen.  In  order  that  the 
combustion  may  be  complete,  it  is  best  to  mix  the  gas  to  be  analysed 
with  three  times  its  volume  of  dry  oxygen,  and  to  add  to  the  mix- 
ture, as  advised  by  M.  Regnault,  a  certain  quantity  of  gas  from  the 
pile  perfectly  dried.  By  employing  the  preceding  process,  the  author 
obtained,  by  using  a  common  eudiometer,  results  which  lead  to  the 
preceding  formula ;  but  these  are  far  from  possessing  the  degree  of 
precision  so  readily  obtained  ^vith  M.  Regnault's  instrument. 
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It  is  observed,  in  fact,  that  4  volumes  of  methyliac  gas  absorb,  for 
complete  combustion,  9  volumes  of  oxygen,  and  produce  4  volumes 
of  carbonic  acid,  as  shown  approximatively  by  the  following  figures : — 

I. 

Methyliac  gas 23' 

Oxygen    67' 

Residue  of  combustion 49* 

Carbonic  acid  * 23" 

Nitrogen 12' 

Oxygen  absorbed 54' 

An  elegant  and  rapid  method  of  analysis  consists  in  heating  the 
gas  with  potassium  in  a  bent  tube.  Cyanide  of  potassium  is  formed, 
and  pure  hydrogen  is  disengaged. 

This  reaction  is  represented  by  C*  H^  N  +  K=C2NK  +  H^  The 
following  are  some  of  the  results  obtained  by  this  process  : — 

I.  II. 

Gas  employed 37-5  31-5 

Hydrogen    99-0  81*5 

34  parts  of  this  hydrogen  burnt  44*8  parts  of  this  hydrogen 

with  oxygen  absorbed  17  parts  of         burnt  with  oxj'gen  absorbed 
it.  21-7  parts  of  it. 

In  order  to  corroborate  the  results  obtained  by  the  aid  of  these 
two  methods,  a  certain  quantity  of  methyliac  gas  was  dissolved  in 
water  ;  the  solution  was  saturated  with  hydrochloric  acid,  and  the 
hydrochlorate  precipitated  by  chloride  of  platina;  there  was  obtained 
a  double  salt  of  methylamine  and  platina,  the  analysis  of  which  gave 
results  agreeing  perfectly  with  the  formula  C-  H^  N. — Jnn.  de  Chim. 
et  de  Phys.,  Decembre  1 850. 


ON  CAPROIC  AND  (ENANTHYLIC  ACIDS. 
BY  MESSRS.  BRAZIER  AND  GOSSLETH. 

Caproic  acid,  discovered  by  M.  Chevreul  in  the  course  of  his  inter- 
esting researches  on  fatty  bodies,  has  been  met  with  in  cocoa-nut 
oil  by  M.  Fehling,  and  prepared  by  MAI.  Kolbe  and  Frankland  by 
decomposing  amydcyanhydric  aether  under  the  influence  of  potash 
Messrs.  Brazier  and  Gossleth  have  employed  this  last  process  to  pro- 
cure the  caproic  acid  used  in  their  researches. 

The  rough  acid  which  they  thus  obtained  was  mixed  with  a  cer- 
tain quantity  of  amylcaproic  aether,  easily  separable  by  means  of  a 
solution  of  carbonate  of  potash.  According  to  MM.  Brazier  and 
Gossleth,  this  aether  boils  at  211°  C. 

Caprone. — When  caproate  of  barytes  is  subjected  to  distillation 
it  melts,  and  is  afterwards  decomposed,  leaving  a  residue  of  nearly 
pure  carbonate  of  barytes.  There  condenses  in  the  receiver  a  com- 
paratively small  quantity  of  an  oily  liquid,  and  there  is  evolved  du- 
ring the  operation  an  inflammable  gas,  probably  formed  by  a  mixture 

of  carburetted  hydrogens  C   H  . 

The  condensed  liquid,  which  is  a  mixture  of  different  products, 
contains  principally  the  acetone  of  the  caproic  series,  caprone. 
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This  substance  is  a  colourless  mobile  liquid,  which  is  insoluble  in 
"water,  but  imjiarts  a  i)eculiar  odour  to  it.  It  becomes  coloured  by 
exposure  to  the  air.  It  is  less  dense  than  water.  Its  boiling-point 
is  165°.  According  to  the  authors  its  formula  is  C"  H"  O,  and  its 
formation  may  be  explained  by  the  annexed  equation : — 
Ba,C'=H"0^  =  BaCO»  +  C"H"0. 

Caprone  is  readily  acted  upon  by  nitric  acid.    When  the  product  of 

the  reaction  is  saturated  by  carbonate  of  potash,  an  oily  liquid  of  a 

peculiar  aromatic  odour  separates,  while  the  potash  combines  with 

fHy    "I 
a  particular  acid,  probably  the  nitrovaleric  acid,  C"  <  ^^^  >  O*. 

It  will  be  observed  that  caprone  acts  under  the  influence  of  oxi- 
dizing reagents,  like  butyrone.  The  authors  are  of  opinion,  that,  if 
this  observation  be  confirmed,  it  will  not  be  favourable  to  the  ideas 
put  forth  by  M.  Chancel  relative  to  the  constitution  of  the  acetones. 
In  fact,  if,  as  this  chemist  thinks,  the  acetones  are  conjugated  com- 
binations of  aldehyde  with  carburetted  hydrogens,  if  butyrone  and 
caprone  ought  to  be  considered,  the  first  as  butyral  plus  propylene 
(C"  H'"  0'=C*  H«  0=  +  C«  H«),  and  the  second  as  capronal  plus  amy- 
lene  (C"  H"  0==C'-  H^"  0"+  C"  H'"),  the  question  is,  what  becomes, 
during  the  action  of  the  nitric  acid  on  these  conjugated  bodies,  of 
the  aldehydes  so  easily  oxidized  and  converted  into  corresponding 
acids.  As  to  what  regards  caprone,  let  it  be  added,  that  the  experi- 
ments of  the  authors  are  not  sufiiciently  complete  to  allow  of  the 
admission,  that,  during  the  action  of  nitric  acid  on  this  body,  nitro- 
valeric acid  only  is  formed. 

The  authors  also  remark,  that  the  boiling-points  of  caprone  and 
caprylone  do  not  agree  with  the  theoretical  views  of  M.  Chancel. 
Caprone,  which  boils  at  165°,  ought  not  to  boil  lower  than  232°; 
caprylone,  which  boils  at  178°,  ought  not,  according  to  theory,  to 
boil  below  320°.  As  a  knowledge  of  the  phaenomena  of  ebullition 
is  in  general  but  little  advanced,  the  authors  add,  that  too  great 
value  should  not  be  attached  to  considerations  of  this  nature,  espe- 
cially as  the  boiling-points  of  acetone  and  butyrone  agree  well  with 
theory. 

Decoinposition  of  Caproic  Acid  under  the  influence  of  the  Voltaic 
Battery. — When  a  solution  of  caproate  of  potash  is  submitted  to  the 
action  of  the  battery,  an  oily  liquid  separates  from  the  liquor,  and  at 
the  same  time  a  gas  is  disengaged,  formed  principally  of  a  mixture 
of  hydrogen  and  carbonic  acid. 

The  oUy  liquid  having  been  distilled  with  an  alcoholic  solution  of 
potash,  caproate  of  potash  was  formed.  The  alcoholic  liquid  con- 
densed in  the  receiver  was  mixed  with  water,  which  occasioned  the 
separation  of  a  light  aromatic  liquor,  boiling  at  155°,  and  possessing 
all  the  properties  of  the  amyle  of  Mr.  Frankland.  It  is  well  known 
that  this  compound,  the  composition  of  which  is  represented  by  the 
formula  C"'H"  (C'^"H"?),  was  first  obtained  by  the  action  of  zinc 
upon  amyliodhydric  acid. 

Decomposition  of(Ena?ithyUc  Acid  by  theVoltaic  current. — The  phse- 
nomena  observed  during  the  decomposition  of  oenanthylate  of  potash 
by  the  battery  are  exactly  similar  to  those  stated  with  respect  to  the 
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caproate  of  potash.  An  oily  liquid  separated,  which  was  distilled 
with  an  alcoholic  solution  of  potash,  and  it  yielded  to  the  alkali  a 
certain  quantity  of  cenanthylic  acid.  The  alcoholic  liquid  yielded  by 
distillation  a  fluid,  which,  when  mixed  with  water,  gave  an  oil  con- 
taining caproyle  O-  H"  (C^  H=^  ?) . 

Caproyle  is  a  colourless  liquid  which  boils  at  202°.  It  has  but 
little  tendency  to  be  altered  by  reagents.  Concentrated  sulphuric 
acid  and  nitric  acid  of  a  moderate  degree  of  concentration  do  not 
alter  it.  It  is  slowly  oxidized  by  a  mixture  of  these  two  acids,  and 
is  converted  into  caproic  acid. — Journ.  de  Pharm.  et  deChim.,  De- 
cembre  1850. 


METEOROLOGICAL  OBSERVATIONS  FOR  DEC.  1850. 
Chiswick. — December  1.  Slight  haze  :  overcast:  drizzly  rain.  2,3.  Overcast. 
4 — 6.  Foggy.  7.  Foggy  :  fine :  dense  fog.  8.  Foggy.  9.  Foggy  :  slight  fog 
at  night.  10.  Foggy.  11.  Foggy:  overcast.  12.  Rain:  cloudy  and  fine: 
foggy.  13.  Very  dense  fog  :  cloudy  and  fine.  14.  Clear:  boisterous,  with  rain. 
15.  Overcast :  slight  rain  :  wanner  at  night  than  at  noon.  16.  Clear:  overcast, 
squally.  17.  Clear  :  rain.  18.  Frosty  :  fine  :  rain.  19.  Foggy  :  overcast :  clear . 
20.  Frosty  :  fine  :  frosty.  21.  Frosty  and  foggy  :  slightrain  at  night.  22.  Frosty  : 
fine  :  foggy.  23.  Frosty  and  foggy  :  hazy  :  foggy.  24.  Hazy  :  foggy  :  overcast. 
25.  Clear  and  very  fine.  26.  Hazy.  27.  Overcast :  exceedingly  fine  :  overcast. 
28.  Clear:  very  fine.  29.  Fine.  30.  Fine:  cloudy:  overcast.  31.  Overcast: 
rain :  drizzly. 

IMean  temperature  of  the  month     38°'47 

Mean  temperature  of  Dec.  1849    37  "17 

Mean  temperature  of  Dec.  for  the  last  twenty-four  years    ...   39  "85 

Average  amount  of  rain  in  Dec l'58inch. 

Boston. — Dec.  1.  Fine.  2,  3.  Cloudy.  4.  Cloudy:  rain  a.m.  and  p.m.  5. 
Cloudy.  6.  Fine.  7,  8.  Cloudy.  9.  Foggy.  10 — 12.  Cloudy.  13.  Foggy. 
14.  Fine  :  rain  and  hail  P.M.  15.  Cloudy  :  rain  p.m.  16,17.  Fine:  rain  p.m. 
18.  Fine.  19.  Rain :  rain  a.m.  20—23.  Fine.  24.  Cloudy.  25.  Fine.  26. 
Cloudy:  rain  A.m.  and  p.m.     27 — 31.   Cloudy. 

Applegarlh  Manse,  Dumfries-shire. — Dec.  1.  Frost,  hard  :  cloudy  p.m.  2.  Rain 
and  high  winds  all  day.  3.  Dull  and  moist :  rain  preceding  night.  4.  Mild: 
rain  heavy  a.m.  :  fog.  5.  Wet,  though  not  heavily,  all  day.  6.  Fair  and  fine  : 
moist  P.M.  7.  Frost  a.m.  :  fog  p.m.  8.  Frost :  fog  all  day.  9.  Frost,  hard  : 
clear  and  sharp.  10.  Frost  hard:  barometer  falling.  il.  Fair  a.m.  :  rain  at 
noon,  12.  Fair  and  clear.  13.  Heavy  rain  and  high  wind.  14.  Heavy  rain  : 
boisterous.  15.  Fair,  but  cloudy  and  threatening.  16.  Occasional  dropping. 
17.  Moist  :  snow  on  the  hills.  18.  Frost  keen  :  snow  on  the  hills.  19,  20.  Frost 
hard.  21.  Rain  for  twelve  hours  :  cleared  p.m.  22.  Frostj  raw  :  cloudy.  23. 
Fair,  but  cloudy  :  shower  p.m.  24.  Rain  :  high  wind  p.m.  25.  Fair  and  tem- 
perate :  wind  strong.  26.  Fair  :  preceding  night  wet.  27.  Fair  a.m.  :  shower  p.m. 
28.  Fair  and  drying.  29.  Drizzling  all  day.  30.  Rain  very  heavy.  31.  Con- 
tinued rain  and  high  wind. 

]Mean  temperature  of  the  month     39''*5 

Mean  temperature  of  Dec.  1849 37 '1 

Mean  temperature  of  Dec.  for  twenty-eight  years  38  "3 

Rain  in  Dec.  1849 4-20  inches. 

Sanduick  Manse,  Orkney. — Dec.  1.  Clear:  hazy.  2.  Rain:  clear:  aurora. 
3,  4.  Clear.  5.  Cloudy  :  rain.  6.  Cloudy  :  clear  ;  aurora.  7.  Fine.  8.  Fine  : 
hoar-frost:  fine:  aurora.  9.  Fog:  clear.  10.  Bright:  drops.  11.  Cloudy: 
drops.  12.  Bright:  showers.  13.  Cloudy:  clear.  14.  Clear:  cloudy.  15 
Bright :  showers.  16.  Showers:  clear.  17.  Sleet-showers.  18.  Frost:  clear 
frost.  19.  Showers :  clear :  frost.  20.  Frost:  rain.  21.  Showers.  22.  Hazy. 
23.  Hazy :  damp.  24.  Cloudy  :  fine  :  showers.  25.  Showers  :  cloudy.  26. 
Drizzle.  27,  28.  Sleet-showers.  29.  Cloudy  :  damp.  30,  Showers :  clear 
showers.     31,  Cloudy  :  showers. 
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XXIV.  On  the  Theorij  of  Magnetic  Induction  in  Crystalline  and 
Non-a'ijstalline  Substances.  By  William  Thomson,  Professor 
of  Natural  Philosophy  in  the  University  of  Glasgow^. 

POISSON,  in  his  mathematical  tlieoiy  of  magnetic  induction, 
founded  on  the  hypothesis  of  *'  magnetic  fluids  "  moveable 
within  the  infinitely  small  "  magnetic  elements "  of  which  he 
assumes  magnetizable  matter  to  be  constituted,  does  not  overlook 
the  possibility  of  these  magnetic  elements  being  non-spherical 
and  symmetrically  arranged  in  crystalline  matter;  and  he  re- 
marks, that  a  finite  spherical  portion  of  such  a  substance  would, 
when  in  the  neighbourhood  of  a  magnet,  act  differently  according 
to  the  different  positions  into  which  it  might  be  tm'ued  with  its 
centre  held  fixed.  But  "  such  a  circumstance  not  having  yet 
been  observed  f/^  he  excludes  the  consideration  of  the  structure 
which  would  lead  to  it  from  his  researches,  and  confines  himself 
in  his  theory  of  magnetic  induction  to  the  case  of  matter,  consist- 
ing either  of  spherical  magnetic  elements,  or  of  non-symmetri- 
cally  disposed  elements  of  any  forms.  It  is  easy  to  conceive  the 
modification  which  he  would  have  introduced  into  his  formulae 
to  make  them  applicable  to  a  crystalline  structure  such  as  he 
describes ;  but,  so  far  as  I  am  aware,  no  wi'iter  has  hitherto 
attempted  to  make  this  extension  of  Poisson^s  mathematical 
theory  of  magnetic  induction.  Now,  however,  when  a  recent 
discoveiy  of  Pliicker's  has  established  the  very  circumstance,  the 
observation  of  which  was  wanting  to  induce  Poisson  to  enter 
upon  a  full  treatment  of  the  subject,  the  importance  of  working 

*  Communicated  by  the  Author,  having  been  read  before  the  British 
Association,  August  1850. 

t  "Memoii'e  sm*  leMagnetisme  euMouvement."  (Mem.  de rinstitt(t,\823, 
vol.  vi.  Paris,  1827.)  For  quotations  from  this  and  the  two  preceding 
memoirs  of  Poisson,  showing  his  theoretical  anticipation  of  the  discovery 
of  magneciystallic  action,  see  the  Appendix  to  this  article. 
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out  a  mathematical  theory  of  magnetic  induction  is  obvious.  On 
the  other  hand,  in  the  present  state  of  science,  no  theory  founded 
on  Poisson^s  hj^othesis  of  "  two  magnetic  fluids  "  moveable  in 
the  "  magnetic  elements  "  could  be  satisfactory,  as  it  is  generally 
admitted  that  the  truth  of  any  such  hj-pothesis  is  extremely 
improbable.  Hence  it  is  at  present  desirable  that  a  com- 
plete theory  of  magnetic  induction  in  crystalline  or  non-crystal- 
line matter  should  be  established  independently  of  any  hj'po- 
thesis  of  magnetic  fluids,  and,  if  possible,  upon  a  purely  experi- 
mental fovmdation.  With  this  object,  I  have  endeavoured  to 
detach  the  hyjiothesis  of  magnetic  fluids  fi-om  Poisson's  theory, 
and  to  substitute  elementary  principles  deducible  from  it  as  the 
foundation  of  a  mathematical  theory  identical  with  Poisson's  in 
all  substantial  conclusions.  In  the  present  communication  I 
shall  state  these  principles,  and  point  out  what  modifications  of 
them  may  be  required  by  a  more  complete  experimental  investi- 
gation of  the  subject  than  has  yet  been  made ;  and,  adopting 
them  temporarily  as  axioms  of  magnetic  induction,  I  shall  give 
an  account  of  some  important  practical  conclusions  deduced 
from  them,  by  mathematical  reasoning  which  I  propose  to  pub- 
lish on  a  futm'e  occasion. 

Some  explanations  and  definitions  are  prefixed  to  show  the 
signification  in  which  certain  extremely  convenient  terms  and 
expressions,  occasionally  employed  by  Faraday  and  other  writers, 
will  be  used  in  what  follows. 

Definition. — The  force  at  any  point  due  to  a  magnet  is  the  force 
which  it  would  exert  on  the  north  pole  of  an  infinitely  thin, 
unifomily  and  longitudinally  magnetized  bar  of  unit  strength 
placed  at  that  point*,  if  it  experienced  no  inductive  action  from 
the  latter  magnet. 

*  "  If  two  infinitely  thin  bars  be  equally,  and  each  uniformly  and  longi- 
tudinally, magnetized,  and  if,  when  an  end  of  one  is  placed  at  a  unit  of  di- 
stance fi'om  an  end  of  the  other,  the  mutual  force  between  these  ends  is  unity, 
the  magnetic  strength  of  each  is  unity."  (Phdosophical  Magazine, Oct.  1850, 
pp.  241,  242.)  The  definition  of  magnetic  force  in  the  text  will  agree  pre- 
cisely with  the  definition  of  "  magnetic  force  in  absolute  measure  "  adopted 
by  the  Royal  Society,  in  its  Instructions  for  making  obsei-vations  on 
terrestrial  magnetism,  if,  in  the  definition  of  a  unit  bar,  the  unit  of  length 
understood  be  one  foot,  and  the  unit  of  force,  a  force  which,  if  acting 
on  a  grain  of  matter,  would  in  one  second  of  time  generate  one  foot  jier 
second  of  velocity.    (See  Admii-alty  Manual  of  Scientific  Inquiiy,  pp.   16, 

33,  37.)     It  may  be  remarked,  that  this  imit  of  force  will  be  the  fraction  - 

of  the  weight,  in  any  locality,  of  one  grain  of  matter,  if  y  denote  the  velo- 
city acquired  in  one  second  by  a  falling  body  in  that  locality ;  and  that  it  is 

therefore  verj'  nearly  ■^—-  of  the  weight,  in  any  part  of  Great  Britain  or 
Ireland,  of  a  grain. 
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Definition. — The  total  magnetic  force  at  any  point  is  the  force 
which  the  north  pole  of  a  iinit  bar-magnet  would  experience  from 
all  magnets  which  exert  any  sensible  action  on  it,  if  it  produced 
no  inductive  action  on  any  magnet  or  other  body.     Or, 

The  total  magnetic  force  at  any  point  is  the  quotient  obtained 
by  dividing  the  force  experienced  by  either  pole,  placed  at  that 
point,  of  an  infinitely  thin  bar,  imiformly  and  longitudinally 
magnetized  to  a  finite  degree  of  intensity,  by  the  infinitely  small 
numerical  measure  of  the  magnetic  strength  of  the  bar ;  and  its 
direction  is  that  of  the  force  experienced  by  the  north  pole  of 
the  bar. 

Definition. — Any  space  at  every  point  of  which  there  is  a  finite 
magnetic  force  is  called  "a field  of  magnetic  force;"  or,  magnetic 
being  understood,  simply  "a  field  of  force;"  or,  sometimes,  " b. 
magnetic  field." 

Definition. — A  "  line  of  force  "  is  a  line  di-awn  through  a  mag- 
netic field  in  the  direction  of  the  force  at  each  point  through 
which  it  passes ;  or  a  line  touched  at  each  point  of  itself  by  the 
direction  of  the  magnetic  force. 

Definition. — A  "  uniform  field  of  magnetic  force  "  is  a  space 
throughout  which  the  hues  of  force  are  parallel  straight  lines, 
and  the  intensity  of  the  force  is  uniform. 

Definition. — A  substance  magnetized  so  that  the  mtensity  and 
du-ection  of  magnetization  at  each  point  are  represented  by  the 
diagonal  of  a  parallelogram,  of  which  the  sides  represent  the 
intensities  and  directions  at  the  same  point  in  two  other  distri- 
butions, is  said  to  possess  a  distribution  of  magnetism  which  is 
the  resultant  of  these  two  superimposed,  one  on  the  other. 

It  is  demonstrated  by  Poisson,  that  the  force  at  any  point  due 
to  a  resultant  distribution  of  magnetism  is  the  resultant  of  the 
forces  that  would  be  produced  at  the  same  pomt  if  the  compo- 
nent distributions  existed  separately. 

Axioms  of  Magnetic  Force. 

I.  All  mechanical  action  which  a  magnet  experiences  in  virtue 
of  its  magnetism  is  due  to  other  magnets*. 

II.  The  action  between  any  two  magnets  is  mutual. 

III.  The  whole  action  experienced  by  any  magnet  is  the  me- 
chanical resultant  of  the  actions  which  it  would  experience  from 
all  the  magnets  in  its  neighbourhood,  if  each  acted  on  it  as  if  the 
others  were  removed,  the  distributions  of  magnetism  in  the  two 
remaining  imaltered. 

*  This  principle  appears,  from  his  discovery  that  the  phsenomena  of  ter- 
restrial magnetism  ai-e  produced  by  the  earth  acting  as  a  great  magnet,  to 
have  been  first  recognised  by  Gilbert. 
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Laws  of  Magnetic  Induction  according  to  Poisson's  Theortj. 

I.  "When  a  given  body,  susceptible  of  inductive  magnetization 
(whether  it  be  ferromagnetic  or  diamagnetic),  is  placed  in  the 
neighbourhood  of  a  magnet,  it  becomes  magnetized  in  a  manner 
dependent  solely  on  the  field  of  force  which  it  is  made  to  occupy. 

II.  Superposition  of  Magnetic  Inductions. — Different  magnets 
placed  simultaneously  in  the  neighbourhood  of  an  inductively 
magnetizable  (ferromagnetic  or  diamagnctic)  body  induce  in  it  a 
distribution  of  magnetism  which  is  the  resultant  of  the  different 
distributions  that  woidd  be  induced  by  the  separate  influences 
of  the  different  magnets,  each  in  its  own  position,  with  the  others 
removed. 

The  first  of  these  two  propositions  merely  implies  that  any 
magnet,  whether  an  electro-magnet,  or  a  magnet  consisting  of 
magnetized  substance,  which  produces  at  each  point  of  a  certain 
space  the  same  "  force ''  as  another  magnet  of  any  kind,  w^ould 
produce  the  same  inductive  effect  on  a  magnetizable  substance 
occupying  that  space.  Everything  that  is  known  of  inductive 
action  is  consistent  with  it ;  and  it  is,  I  believe,  universally  ad- 
mitted as  an  axiomatic  principle. 

The  second  proposition,  which  asserts  the  mutual  indepen- 
dence of  su])erimposed  magnetic  inductions,  is  equivalent  to  an 
assertion  that,  if  the  force  at  eveiy  point  of  a  magnetic  field  be 
altered  in  a  certain  ratio,  the  magnetization  of  a  substance  placed 
in  it  will  be  altered  proportionately.  This  is  undoubtedly  not  a 
principle  of  universal  application.  It  is  not  applicable  to  steel, 
nor  to  the  substances  of  which  natural  magnets  are  composed ; 
nor,  in  general,  to  substances  possessing  in  any  degree  that  pro- 
perty of  resisting  magnetization  or  demagnetization,  called  by 
Poisson  "  coercive  force,^^  in  \irtue  of  which  they  can  penua- 
nently  retain  magnetism.  Neither  is  it,  as  Joule^s  experiments, 
and  the  more  recent  experiments  of  Gai-tenhauser  and  Miiller 
demonstrate,  applicable  to  soft  iron,  except  as  an  approximate 
law  of  the  magnetization  when  the  magnetizing  force  does  not 
exceed  certain  limits  of  intensity.  But,  that  it  is  veiy  approxi- 
mately, if  not  rigorously,  fulfilled  in  the  magnetization  of  all 
homogeneous  substances  of  veiy  feeble  inductive  capacity,  and 
destitute  of  "  coercive  force"  (as  all  known  dianiaguetics  and  all 
ferromagnetics  which  contain  no  iron  or  nickel,  or  only  very  small 
proportions  in  chemical  combination,  appear  to  be),  is,  I  think, 
extremely  probable.  The  foundation  of  a  complete  theory  of 
magnetic  induction  requires  an  ex"perimental  investigation  of  the 
laws  according  to  which  the  "  coercive  force "  acts  in  various 
substances,  and  of  the  variation  of  inductive  capacity  produced 
in  soft  iron,  and  it  may  be  in  other  substances,  by  actual  mag- 
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netizatiou.  The  following  conclusions,  being  matlieniatical  de- 
ductions from  the  laws  stated  above,  are  liable  to  modification, 
according  to  the  de\'iations  from  those  laws  which  actual  experi- 
ments may  point  out. 

1.  The  determination  of  the  conditions  of  magnetic  induction 
in  a  body  of  any  kind  in  any  circumstances  may  be  made  to 
depend  on  a  knowledge  of  the  state  of  magnetization  induced  in 
a  homogeneous  sphere  of  the  same  substance,  placed  in  a  uniform 
field  of  magnetic  force. 

2.  A  homogeneous  sphere  of  any  substance  placed  in  a  uniform 
field  of  force  becomes  uniformly  magnetized  in  parallel  lines  with 
an  intensity  which  is  independent  of  the  radius  of  the  sphere. 

3.  If  the  sphere  be  of  non-crystalline  substance,  the  lines  of 
its  magnetization  ai*e  in  the  same  direction  as  the  lines  of  force 
in  the  field  into  which  it  is  introduced,  and  the  intensity  of  mag- 
netization is  equal  to  the  product  of  a  constant  (which  may  be 
called  the  inductive  capacity  of  the  substance)  into  the  intensity  of 
the  magnetizing  force. 

4.  If  the  sphere  be  of  crystalline  substance,  the  lines  of  its 
magnetization  may  not  in  general  be  in  the  same  direction  as 
the  lines  of  force  of  the  field  into  which  it  is  introduced ;  and 
they  are  not  so  if  the  sphere,  when  free  to  tm-n  round  its  centre, 
is  observed  to  be  not  in  equilibrium. 

Definition. — A  principal  axis  of  magnetic  induction  of  a  sub- 
stance is  a  line  in  it,  such  that  a  spherical  portion  when  intro- 
duced with  that  line  parallel  to  the  lines  of  force  into  a  miiform 
magnetic  field,  becomes  magnetized  in  the  direction  of  those  lines. 

Definition. — A  principal  inductive  capacity  of  a  substance,  or 
the  inductive  capacity  of  a  substance  with  reference  to  a  principal 
axis,  is  the  coefficient  by  which  the  intensity  of  the  magnetizing 
force  must  be  midtiplied  to  obtain  the  intensity  of  magnetization 
when  a  spherical  portion  is  introduced  into  a  uniform  magnetic 
field,  with  a  principal  axis  parallel  to  the  lines  of  force. 

5.  Any  substance  has  through  every  point  of  it,  three  principal 
axes  at  right  angles  to  one  another ;  and  if  the  inductive  capa- 
cities with  reference  to  three  such  axes  be  different,  no  other  line 
through  the  same  point  is  a  principal  axis*. 

6.  If  the  inductive  capacities  ^-ith  reference  to  two  principal 
axes  through  any  point  of  a  homogeneous  substance  be  equal, 
every  line  in  the  plane  of  these  two,  or  parallel  to  it,  is  a  prin- 

*  Such,  it  may  be  expected,  \\'ill  be  the  magnetic  circumstances  in  the 
case  of  any  transparent  substance  which  belongs  to  the  optical  class  of 
"biaxal  cnstals;"  and  its  three  principal  axes  of  magnetic  induction  vrill 
be  the  three  rectangular  axes  deduced  by  Sir  Da\id  Brewster  fi-om  the 
"  optic  axes,"  and  kno\^'n  in  the  undulatory  theoiy  as  the  principal  axes  of 
elasticity  of  the  medium  in  which  the  undulations  are  propagated. 
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cipal  axis,  and  the  inductive  capacities  with  reference  to  all  these 
principal  axes  are  equal. 

7.  If  the  inductive  capacities  with  reference  to  three  principal 
axes  through  any  point  of  a  substance  be  equal,  every  line  through 
the  substance  is  a  principal  axis,  and  the  inductive  capacities 
with  reference  to  all  directions  arc  equal ;  or  the  substance  is 
destitute  of  magnecrystallic  properties. 

8.  A  spherical  portion  of  any  homogeneous  substance,  sup- 
ported in  a  uniform  magnetic  field  in  such  a  manner  that  it  can 
turn  freely  in  any  manner  round  its  centre  which  is  immoveable, 
cannot  be  in  equilibrium  unless  a  principal  axis  be  in  the  direc- 
tion of  the  lines  of  force.  If  the  three  principal  inductive  capa- 
cities be  unequal,  the  body  will  be  in  stable*  equilibrium  with 
the  principal  axis  of  greatest  inductive  capacity,  or  in  unstable 
equilibrium  with  either  of  the  two  other  principal  axes,  in  the  di- 
rection of  the  lines  of  force.  If  the  two  less  principal  inductive 
capacities  be  equal  to  one  another,  the  body  will  be  in  stable* 
equilibrium  vdth  the  principal  axis  of  greatest  inductive  capacity 
in  the  direction  of  the  lines  of  force,  or  in  unstable  equilibrium 
with  the  same  axis  perpendicular  to  the  lines  of  force.  If  the 
two  greater  principal  inductive  capacities  be  equal  to  one  another, 
the  body  will  be  in  stable  f  equilibrium  with  the  plane  of  the  corre- 
sponding principal  axes  parallel  to  the  lines  of  force,  or  in  unstable 
equilibrium  ^^dtli  that  plane  perpendicular  to  the  lines  of  force. 

9.  If  a  spherical  portion,  of  volume  cr,  of  a  substance  of  which 
the  three  principal  inductive  capacities  are  A,  B  and  C,  be  held  in 
a  uniform  magnetic  field  where  the  intensity  of  the  force  in  abso- 
lute measure  is  F,  with  the  three  principal  axes  of  induction  in- 
clined to  the  direction  of  the  force  at  angles  of  which  the  cosines  are 
respectively  /,  m,  n,  it  will  receive  a  state  of  magnetization  which 
is  the  resultant  of  three  states  of  uniform  magnetization  ;  one  of 
intensity  A.F/,  in  the  direction  of  the  first  principal  axis;  a  second 
of  intensity  B.F»?,  in  the  direction  of  the  second  principal  axis ; 
and  a  third,  of  intensity  C .  Yn,  in  the  direction  of  the  third  prin- 
cipal axis ;  and  it  will  experience  a  tm-ning  action,  of  which  the 
mechanical  definition  is  a  couple,  of  which  the  moment  is 

o-.F^{//iV^(B-C)2  +  n2/2(C-A)^  +  /V2(A_B)2}4, 

in  a  plane  of  which  the  direction  cosines  J  with  reference  to  the 

*  In  one  respect  the  equilibrium  might  be  said  to  be  neutral  rather  than 
stable,  since  every  position  into  which  the  body  may  be  turned  round  the 
stable  axis  is  a  position  of  equilibrium. 

t  In  two  respects  the  equilibrium  might  be  said  to  be  neutral ;  since  every 
position  into  which  the  body  may  be  turned  round  the  lUrection  of  the  lines 
of  force  is  a  ])osition  of  equihbrium,  and  every  position  into  which  it  may 
be  tm-ned  in  the  plane  of  the  stable  principal  axes  is  a  position  of  equilibrium. 

X  Or  the  cosines  of  the  inchuatious  of  a  perjiendiculai-  to  the  jilane,  to 
the  three  axes. 
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three  principal  axes  are  respectively 

mn(B-C)      n/(C-A)      lm{A-B) 
B       '         J)      '  J)       ' 

where  D  denotes  the  square  root  of  the  sum  of  the  squares  of  the 
numerators  of  these  three  fractions,  or  the  third  factor  of  the 
preceding  expression. 

10.  If  the  sphere  be  infinitely  small,  and  if  it  be  put  into  a 
uniform  or  non-unifonn  field  of  force,  the  entire  action  which  it 
experiences,  whether  dii'ective  tendency  or  tendency  to  move  from 
one  part  of  the  field  to  another,  is  defined  by  the  following  pro- 
position : — 

The  quantity  of  mechanical  work  which  is  required  to  bring 
the  body  from  a  position  where  the  intensity  of  the  force  is  F, 
and  its  du'ection  cosines  with  reference  to  the  three  principal  in- 
ductive axes  /,  /«,  n,  to  a  position  where  the  intensity  of  the  force 
is  F',  and  its  du-ection  cosines  with  reference  to  the  three  prin- 
cipal inductive  axes  in  then-  new  positions  /',  m',  n',  is  equal  to 

I  <T{  (A/'-2  +  B/n'2  +  C/i'2)F'-2-  (A/2+Bm2  +  C/i2)F2}. 

11.  If  A = B  =  C,  this  expression  becomes  simply^  o-A(F^ — F^), 

and  the  proposition  is  equivalent  to  the  mathematical  expression 
of  Faraday^s  law  regarding  the  tendency  to  places  of  stronger  or 
of  weaker  force,  of  fen-omagnetic  or  diamagnetic  non-crystaUine 
substances,  on  which  some  remarks  are  published  in  the  Philoso- 
phical Magazine  for  October  1850. 

12.  If,  without  moving  its  centre,  the  ball  be  tiu-ned  so  that 
its  three  principal  axes  shall  successively  be  in  the  direction  of 
the  fines  of  force  (the  field  being  non-uniform,  but  the  body  in- 
finitely small),  it  will  in  each  position  experience  a  force  in  the 
fine  of  most  rapid  variation  of  the  "  force  of  the  field ; "  but  the 
magnitude  of  the  force  will  in  general  differ  in  the  three  positions, 
being  proportional  to  A,  B,  and  C  respectively*.    If  each  of  these 

*  Thus  a  ball  cut  out  of  a  m-stal  of  pure  calcareous  spar  which  tends  to 
turn  with  its  optic  axis  peqiendicular  to  the  lines  of  force,  and  which  tends 
as  a  whole  from  places  of  stronger  towaids  places  of  weaker  force,  would 
experience  this  latter  tendency  more  sti'ongly  when  the  optic  axis  is  perpen- 
dicidar  to  the  lines  of  force  than  when  it  is  parallel  to  them ;  since,  accord- 
ing to  §  8  of  the  text,  the  crystal  must  have  greatest  inductive  capacity ,  or  (the 
language  in  the  text  being  stiictly  algebraic  when  negative  quantities  ai'e  con- 
cerned) least  capacity  for  diamagnetic  induction  perpeu(hcular  to  the  optic 
axis.  I  am  not  aware  that  this  particular  conclusion  has  been  verified  by  any 
experimenter;  but  I  am  iuformed  (Oct.  26,  1850)  by  Mr.  Faraday,  that  he 
finds  a  piece  of  cnstaUine  bismuth  to  experience  a  difierent  " repulsion " 
according  as  it  is  held  mth  its  magnecristaUic  axis  along  or  perpenthcvdar 
to  the  lines  of  force  in  a  non-uniform  field;  the  repulsion  being  less  in 
the  former  case  than  in  the  latter,  which  agrees  perfectly  with  the  conclu- 
sions of  the  text,  since,  as  a  ball  of  bismuth  woidd  tend  to  place  its  magne- 
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quantities  be  positive,  the  force  on  the  ball  in  each  position  will 
be  in  the  direction  in  which  the  force  of  the  field  increases ;  if 
any  one  of  these  quantities  be  negative,  the  force  on  the  ball 
when  the  corresponding  principal  axis  is  in  the  direction  of  the 
lines  of  force,  will  be  in  the  contrary  direction,  or  that  in  which 
the  force  of  the  field  decreases  most  rapidly. 

13.  If  A,  B,  and  C  be  all  positive,  the  body  is  called  ferro- 
magnetic ;  if  they  be  all  negative,  it  is  called  diamagnetic.  No 
substance  has  as  yet  been  found  to  have  some  of  the  quantities 
A,  B,  C  positive,  and  others  negative. 

14.  If  the  inductive  capacities  be  very  small,  all  the  preceding 
conclusions  will  be  applicable  to  the  actions  experienced  by  bodies 
in  air  (ferro-magnetic),  or  in  any  magnetizable  fiuid  of  either 
ferromagnetic  or  diamagnetic  inductive  capacity,  provided,  instead 
of  the  absolute  inductive  capacities  of  the  substance  in  each  case, 
we  use  for  A,  B  and  C,  or  for  the  "principal  inductive  capacities^' 
in  the  verbal  enunciations,  the  excesses  of  the  absolute  principal 
inductive  capacities  of  the  substance,  above  the  inductive  capacity 
of  the  fluid. 

Curious  experiments  might  be  made  by  means  of  a  variable 
field  of  force  occupied  by  a  magnetizable  fluid,  and  a  ball  of  cry- 
stalline substance  allowed  to  move  freely  in  the  line  of  most 
rapid  variation  of  the  force.  If  the  inductive  capacity  (whether 
positive  or  negative)  of  the  fluid  be  intermediate  between  the 
greatest  and  the  least  of  the  absolute  principal  inductive  capaci- 
ties of  the  substvance,  the  ball  will  be  urged  from  places  of  weaker 
towards  places  of  stronger  force  when  its  axis  of  greatest  induc- 
tive capacity  is  placed  along  the  lines  of  force,  and  in  the  con- 
trary direction  when  the  axis  of  least  inductive  capacity  is  placed 
in  the  same  direction. 

It  would  be  easy  to  adjust  the  strength  of  a  solution  of  sul- 

civstallic  axis  aloug  the  lines  of  force,  that  axis  must,  according  to  §  8,  be 
the  principal  axis  of  greatest  inductive  capacity,  or,  bismuth  being  cUamag- 
uetic,  the  axis  of  least  lUamagnetic  capacity. 

It  is  right  to  add,  that  what,  according  to  the  theoiy  explained  in  the 
text,  must  be  the  correct  explanation  of  the  peculiar  phaenomena  of  mag- 
netic induction  depending  on  magnecrystallic  properties,  was  clearly  stated 
in  the  form  of  a  conjecture  by  Faraday  in  his  22nd  Series  (2588)  in  the 
following  terms  : — "  Or  we  might  sup])ose  that  the  ciystal  is  a  little  more 
apt  for  magnetic  induction,  or  a  little  less  apt  for  diamagnetic  induction,  in 
the  direction  of  the  magnecrystallic  axis  than  in  other  directions.  But,  if 
so,  it  should  sm-ely  show  *  *  in  the  case  of  diamagnetic  bodies,  as  bismuth, 
a  difference  in  the  degree  of  re])ulsion  when  presented  with  the  magne- 
cr^stallic  axis  parallel  and  perpendicidar  to  the  lines  of  magnetic  force  (2552) ; 
which  it  does  not  do."  [Read  before  the  Royal  Society,  December  7, 1848.] 
The  failure  of  the  first  experiment  (2552)  to  detect  this  differential  action 
need  not  be  wondered  at,  when  we  consider  how  minute  it  must  probably 
be ;  and  the  conjecture,  apjmrently  abandoned  at  the  time  by  the  author 
for  want  of  experimental  support,  may  be  considered  as  fidly  estabUshed  by 
his  own  subsequent  experimental  researches. 
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phate  of  iron  so  as  to  satisfy  this  condition  for  a  ferromagnetic 
ciystalline  substance ;  but  there  might  be  great  difficulty  in  de- 
monstrating by  experiment  the  existence  of  the  forces  on  account 
of  their  feebleness. 


Appendix. 
Quotations  from  Poisson  regarding  Magnecrystallic  Action. 

" la  forme  des  elemens  pourra  aussi  influer  sur  cette 

intensite ;  et  cette  influence  avu*a  cela  de  particulier^  qu'elle  ne 
sera  pas  la  meme  en  des  sens  differens.  Supposons,  par  exemple, 
que  les  elemens  magnetiques  sout  des  ellipsoides  dont  les  axes 
out  la  meme  direction  dans  toute  I'etendue  d\m  meme  corps^  et 
que  ce  corps  est  uue  sphere  aimantee  par  influence,  dans  laquelle 
la  force  coercitive  est  nulle ;  les  attractions  on  repulsions  qu'elle 
exercera  au-dehors  serout  diff'erentes  dans  le  sens  des  axes  de  ses 
elemens  et  dans  tout  autre  sens ;  en  sorte  que,  si  I'on  fait  tom'ner 
cette  sphere  sm*  elle-meme,  son  action  sur  im  meme  point 
changera,  en  general,  en  grandeur  et  en  direction  :  mais,  si  les 
elemens  magnetiques  sont  des  spheres  de  diametres  egaux  ou 
inegaux,  ou  bien  s'ils  s'ecartent  de  la  forme  spherique,  mais 
qu'ils  soient  disposes  sans  aucune  regularite  dans  I'interieur 
d'un  corps  aimante  par  influence,  leurs  formes  n'influeront 
plus  sur  les  resultats  qui  dependi'ont  seulement  de  la  somme  de 
lem's  volumes,  comparee  au  volume  entier  de  ce  corps,  et  qui 
seront  alors  les  memes  en  tout  sens.  Ce  dernier  cas  est  celui  du 
fer  forge,  et  sans  doute  aussi  des  autres  corps  non  cristallises  dans 
lesquels  on  a  observe  le  magnetisme :  mais  il  serait  cmieux  de 
chercher  si  le  premier  cas  n'aurait  pas  lieu  lorsque  ces  substances 
sont  cristalisees ;  on  pom-rait  s'en  assm-er  par  I'experience,  soit 
en  approchaut  im  cristal  d'lme  aiguiUe  aimante,  librement  sus- 
pendue,  soit  en  faisant  osciller  de  petites  aiguilles  taillees  dans 
des  cristaux  en  toute  sorte  de  sens  et  soumises  a  Faction  d'un 
tres  fort  aimant." — Pp.  258,  259,  Memoire  sur  la  Theorie  du 
Magnetisme,  par  M.  Poisson.  Lu  a  PAcademie  des  Sciences  le 
3  Feviier,  1824.     Mem.  de  rinst.  1821-22.  Paris,  1826. 

" la  forme  des  elemens  et  leurs  positions  par  rapport 

aux  plans  fixes  des  coordonnees  x,  y,  z,  peuvent  influer  sur  Petat 
magnetique  de  A,  et  sm*  les  attractions  ou  repulsions  qu'il  exerce 
au  dehors.  II  pourrait  meme  an-iver  que  cette  influence  ne  fut 
pas  la  meme  en  tout  sens,  en  sorte  que,  si  A  etait  ime  sphere 
homogene,  et  qu'on  fit  tourner  ce  corps  sans  deplacer  son  centre 
et  sans  rien  changer  aux  forces  exterieures  ou  a  la  fonction  V^ 
les  actions  magnetiques  de  A  changeraieut  neaumoins  en  gran- 
deur et  en  dhection.  Ce  cas  singulier,  que  nous  avons  deja  in- 
dique  dans  le  preambule  de  ce  Memoire,  ne  s'etant  pas  encore 
presente  a  Pobservation,  nous  Pexclurons  de  nos  recherches, 
quant  h.  present,  et  nous  allons,  en  consequence,  determiner  les 
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relations  qiii  doivent  cxistcr  eutre  a',  ^',  7'*,  et  les  quantites 
"/'  ^t>  7/"^"?  P^^'  ^^^'i^  n*2^.i  pas  lieu/' — Ibid.  p.  278. 

The  followino;  explanation  may  sen'c  to  give  an  idea  of  Pois- 
son's  mode  of  treating  the  subject  of  the  last  quotation,  and  to 
show  the  relation  it  bears  to  the  theoiy  of  which  an  outline  has 
been  given  above. 

Let  X,  Y,  Z  be  the  components,  parallel  to  three  fixed  rect- 
angvilar  axes,  of  the  magnetic  force  at  any  point  in  a  uniform 
field  of  force.      A   sphere  of  any  homogeneous  magnetizable 
substance  being  placed  in  this  field,  let  i  be  the  intensity,  and 
/,  in,  n  the  direction  cosines  of  the  magnetization  which  is  in- 
duced in  it.     Poisson  deduces,  from  his  hypothesis  of  magnetic 
fluids,  equations  J  which  are  equivalent  to  the  follo\\ang  : — 
27=AX  +  BY  +  CZ 
m=A'X  +  B'Y+C'Z 
z«  =  A"X  +  B"Y  +  C"Z 

where  A,  B,  &c.  are  coefiicients  depending  solely  on  the  nature 
of  the  substance.  These  equations  are  deducible  from  the 
axioms  and  the  hypothetical  principle  of  the  superposition  of 
magnetic  inductions,  stated  above,  without  the  necessity  of  refer- 
ring at  all  to  the  hypothesis  of  "fluids."  All  that  remains  of 
Poisson's  theoiy  is  confined  to  the  case  of  non-crystalline  matter, 
\Nath  reference  to  which  it  is  proved  that  A,  B',  and  C"  must  be 
equal  to  one  another,  and  that  each  of  the  other  six  coefficients 
must  vanish ;  and  there  is  nothing  to  indicate  the  possibility  of 
establishing  any  relations  among  the  nine  coefficients  which  must 
hold  for  matter  in  general.  I  have  found  that  the  following  rela 
tions,reducing  the  number  of  independent  coefficients  from  nine  to 
SLX,  must  be  fulfilled,  whatever  be  the  uatiire  of  the  substance  : — 

B"  =  C';      C  =  A";      A'  =  B; 

the  demonstration  being  founded  on  no  uncertain  or  special 
hypothesis,  but  on  the  principle  that  a  sphere  of  matter  of  any 
kind,  placed  in  a  uniform  field  of  force,  and  set  to  turn  round 
an  axis  fixed  pei-pendicular  to  the  lines  of  force,  cannot  be  an 
inexhaustible  source  of  mechanical  effect.  All  the  conclusions 
with  reference  to  niagnecrystallic  action  enunciated  in  the  pre- 
ceding abstract  are  founded  on  these  relations. 

*  Component  intensities  of  magnetization. 

t  Components  of  the  magnetizing  force. 

X  The  products  of  the  first  members  of  Poisson's  three  equations  in 
p.  278  of  his  first  Memoire,  into  k,  the  ratio  of  the  sum  of  the  volumes  of 
the  magnetic  elements  to  the  whole  volume  of  the  body,  are  respectively 
equal  to  the  three  components  of  the  intensity  of  magnetization  Oh  ini,  in) ; 
and  if  A,  B,  &c.  be  taken  to  denote  the  values  of  the  products  of  k  into  Pois- 
son's coeflBcients  P,  Q,  &c.  respectively,  the  equations  in  the  text  coincide 
with  those  of  Poisson. 
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XXV.  On  the  Geometrical  Theory  of  Rotation.  By  "\V.  P. 
DoxKiNj  M.A.  ^'c,  Savilian  Professor  of  Astronomy  in  the 
University  of  Oxford^. 

ALTHOUGH  two  demonstrations t  have  already  appeared  in 
this  Journal  of  the  triangle  of  rotations  (to  adopt  Mr.  Syl- 
vestei-^s  convenient  designation),  I  think  it  worth  while  to  add 
the  following,  which,  though  not  substantially  different,  exhibits 
the  theorem  in  the  simplest  way,  and  under  the  most  striking 
aspect.  I  shall  also  subjoin  some  fmther  illustrations  of  its  use 
in  connexion  with  quaternions.  Fig.  1. 

Let  ABC,  fig.  1,  be 
any  triangle  on  a  sphere 
fixed  in  space,  and  a^<y 
a  triangle  on  an  equal 
and  concentric  sphere, 
moveable  about  its 
centre.  The  sides  and 
angles  of  a^>y  are  equal 
to  those  of  ABC,  but 
differently  arranged,one 
triangle  being  the  in- 
verse or  reflexion  of  the 
other.  [In  the  figure 
straight  lines  are  used 
for  convenience  to  re- 
present arcs  of  great 
circles.] 

Now  if  the  triangle  a/37  ^^  placed  in  the  position  1,  so  that 
the  sides  containing  the  angle  «  may  be  in  the  same  gi-eat  circles 
with  those  containing  A,  it  is  obvious  that  it  may  slide  along  AB 
into  the  position  2,  and  then  along  BC  into  the  position  3 ;  into 
which  last  position  it  might  also  be  brought  by  sliding  along  AC. 
Hence,  denoting  the  rotations  by  arcs  on  the  fixed  sphere,  we 
have  the  following  theorem  : — 

I.  Twice  the  rotation  AB  followed  by  twice  the  I'otation  BC 
produces  the  same  displacement  as  twice  the  rotation  AC. 

Or,  denoting  them  by  arcs  on  the  moving  sphere, — 

Twice  the  rotation  /3a  followed  by  twice  the  rotation  7/3  produces 
the  same  displacement  as  twice  the  rotation  7a. 

Again,  in  fig.  2,  if  we  denote  the  centre  of  the  sphere  by  0, 
it  is  obvious  that  the  pyi-amid  whose  intersection  x\ith  the  sm-- 
face  of  the  sphere  is  the  triangle  a/87,  niight  pass  from  position  1 
into  position  2,  by  tm*ning  round  OA  through  an  angle  27r— 2A, 

*  Communicated  by  the  Author. 

t  See  Phil.  Mag.  for  June  and  December  1850,  and  January  1851 . 
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and  then  into  position  3  by  turning  Fig.  2. 

round  OB  through  an  angle  27r  — 2B; 

into  which  position  it  might  also  have 

been   brought   from    1    by   turning 

round  OC  (in  the  contrary  direction) 

through  an  angle  27r — 2C.     Hence 

we  have  what  may  be  called,  with 

reference  to   theorem  I.,   the  po/ar 

theorem;  namely,  as  regards  the  fixed 

sphere, — 

II.  A  positive   rotation  2(7r— A) 
round  OA,  followed  hy  a  positive  rota- 
tion 2(7r  — B)  round  OB,  produces  the  same  displacement  as  a  nega- 
tive rotation  2{ir—C)  roiind  OC. 

The  enimciation  of  the  theorem  is  the  same  as  regards  the 
moving  sphere,  if  a/37  ^^  P^^t  for  ABC.  But  it  must  be  carefully 
observed,  that  on  the  fixed  sphere  the  arrangement  of  ABC  is 
such  that  C  is  the  positive  pole  of  a  rotation  from  CA  to*CB ; 
whilst,  on  the  moving  sphere,  7  is  the  negative  pole  of  a  rotation 
from  7a  to  7/3. 

It  is  obvious  that  a  perfectly  similar  demonstration  may  be 
employed  in  the  case  of  a  polygon.  As  regards  fig.  2,  this  has 
been  given  by  Mr.  Sylvester.  Also,  if  we  take  the  moving 
polygon  equilateral  but  not  equiangidar  with  the  fixed  polygon, 
and  then  diminish  the  sides  indefinitely,  we  arrive,  in  the  case  of 
fig.  2,  at  Poinsot^s  mode  of  representing  the  most  general  kind 
of  rotatoiy  motion;  whilst  in  the  case  of  fig.  1,  taking  the  poly- 
gons equiangular  but  not  equilateral,  we  obtain  two  cones,  the 
reciprocals  of  Poinsot's  cones,  one  of  which  s/2Wes  (without  rolling) 
upon  the  other.  Thus  the  two  theorems  given  above  are,  in  fact, 
particular  cases  of  the  general  relations  between  the  curvatm'cs 
of  these  cones  and  the  angular  velocities  of  the  body  about  the 
instantaneous  axis,  and  of  the  instantaneous  axis  in  the  body  or 
in  space. 

In  the  Philosophical  Magazine  for  June  1850,  I  showed  that 
a  comparison  of  the  preceding  theorems  with  the  results  of  a 
particular  mode  of  inteiiireting  quaternions  (explained  in  the 
July  Number)  enabled  us  to  account,  a  priori,  for  the  connexion 
observed  by  ]\Ir.  Cayley  between  certain  quaternion  formvda;  and 
those  which  occur  in  the  theory  of  the  rotation  of  solids.  (Phil. 
Mag.  Ser.  3.  vol.  xxxiii.  p.  196.) 

In  fact,  since  the  quaternion  cos  ^4-  sin  6{il+jm  +  kn)  may  be 
considered  to  represent  the  rotation  of  a  radius  vector  through 
an  angle  0  round  an  axis  whose  direction  cosines  are  l,m,n;  or, 
which  comes  to  the  same  thing,  the  description  of  a  correspond- 
ing arc  on  the  siurface  of  a  sphere ;  and  since  the  descriptions 
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of  arcs  on  the  sphere  coiTespond  to  and  define  the  efi'ect  of  rota- 
tions of  a  solid  round  the  same  axes,  but  through  double  the 
angles,  it  follows  from  these  theorems  that  the  quaternion 

cos-^  +  sm-^  [it +jm  +  kn)    ....     (1.) 

represents  the  positive  rotation  of  a  solid  through  an  angle  0, 
round  an  axis  whose  direction  cosines  are  /,  m,  n  referred  to  axes 
fixed  in  space ;  whilst 

cos- — sin -{il+jm  +  kn)    .     .     .     .     (.2.) 

may  be  interpreted  similarly  with  reference  to  axes  fxed  in  the 
body. 

Mr.  Boole,  in  noticing  the  interpretation  of  the  former  of  these 
expressions  (Phil.  Mag.  vol.  xxxiii.  p.  279),  observes  that  a  qua- 
ternion io-\-ix-\-jy  +  kz,  whose  constituents  do  not  satisfy  the 
condition  iv^  +  x- -\}f- +  z^  ^1 ,  is  not  directly  interpretable  in 
geometry.  This,  however,  is  certainly  not  true  vnX\i  reference 
to  interpretation  by  means  of  the  rotation  of  lines ;  for  in  that 
case  the  quaternion  aq  (where  q  does  satisfy  the  above  condition, 
and  a  is  a  numerical  coefiicient)  represents  (as  I  have  sho^Ti)  the 
rotation  of  a  radius  vector,  combined  with  an  alteration  of  its 
length  in  the  ratio  of  «  to  1.  And  I  think  it  not  impossible  that 
some  corresponding  interpretation  of  the  coefiicient  may  be  dis- 
covered in  the  case  of  the  solid. 

At  present,  however,  I  proceed  to  illustrate  the  subject  by  one 
or  two  additional  examples. 

In  all  that  follows,  ^^  will  refer  to  axes  fixed  in  space,  and 
xyz  to  axes  fixed  in  the  rotating  body. 

Let  p,  q,  r  have  their  usual  significations  in  the  theoiy  of  vo- 
tation,  and  u'^=jO-  +  9^-t-r^.  Also  let  the  position  of  the  body 
at  any  instant  be  defined  by  the  values  of  \,  [x,  v ;  where 

A.=  /tan-,     yt4  =  »itan-,     v  =  wtau— , 

■V  til  Z 

and  6  is  the  angle  through  which  the  body  would  have  to  tm'n 
romid  an  axis  whose  direction  cosines  are  /,  m,  n,  in  order  to  pass 
from  the  position  in  which  the  two  sets  of  axes  coincide,  into 
that  in  which  it  actually  is  at  the  instant  considered.  To  adopt 
the  names  proposed  by  Mr.  Cayley  and  Mr.  Sylvester,  Xfjuv  are 
the  coordinates  of  the  resultant  rotation,  and  /,  m,  n  are  the  direc- 
tion cosines  of  the  axis  of  displacement.     Lastly,  let 

sec2|=H-\2^.^2^y2^^. 
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Let  it  be  required  to  express  p,  q,  r  in  terms  of  \/ij/  and  their 
differential  coefficients. 

It  is  to  be  observed  that  /,  m,  n  refer  indifferently  to  either  set 
of  axes.  Considering  them  to  refer  to  x,  ij,  z,  we  have  the  ex- 
pression (3.),  namely, 

e       .    e ,.,     .       ,  ^ 
cos  ^-  — sni  —  yil-\-jm-\-kn), 

for  the  quaternion  representative  of  the  displacement.     In  the 
next  instant  dt,  a  rotation  ivdt  takes  place  round  an  axis  whose 


p       q       r 
the  quaternion 


direction  cosines  are  — ,     — ,    — :  which  will  be  represented  by 

W        W         IV  ^  '' 


\    W       ''  IV  w/ 


cos-^-sm    2 


or,  neglecting  quantities  of  the  second  order,  by 

And  the  displacement  of  the  body  in  its  new  position  may  be 
represented  either  by  the  product 

(l—  -2  {^P+J<i  +  kryj\co%^  —  %m-{il-\-jin-\-kn)j, 

or  by  the  quaternion 

^'         •    ^'  rv      ■   ,     1  n 
cos  — sm  —  [il'  +jm'  +  kn), 

where  6',  /',...  are  put  for  6  +  d6,  l  +  dl,  ...     Etjuating  these  two 

expressions,  and  then  applying  each  side  of  the  equation  as  a 

multiplier  to 

0  6 

cos  J  +  sin  —  {il  +jm  +  kn), 

we  get 

dt  6'         6 

^~^{¥  +J9  +  ^■'')  =  cos  -y  cos  —  (1  —iX!  —;>'—/:)/) (1  + 1\  +jfji,  +  kv), 

of  which  the  right  side,  developed  (omitting  terms  of  the  second 
order,  and  observing  that  2{XdX  +  /Md/jb  +  vdv)=dK),  is  easily 
found  to  be 

1 { i{d\  +  vd^—fidv)  +J{dfju  -j-  '\dv—vdX)+k{dv-\-fidX—\dfj,) }, 
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which^  compared  with  the  expression  on  the  left  side,  gives 
_/f^        diji         dv\ 
"P^^li-^'lt-'^dt)' 

with  symmetrical  expressions  for  q  and  r. 

For  a  deduction  of  these  expressions  by  direct  differentiation, 
see  Mr.  Cayley^s  paper  in  the  Cambridge  ^Mathematical  Jom-nal, 
vol.  iii.  p.  227.  It  is  to  be  observed  that  the  method  employed 
above  does  not  requii-e  a  knowledge  of  the  expressions  for  \,  ytt,  v, 
or  p,  q,  r,  in  terms  of  the  nine  direction  cosines  of  one  set  of 
axes  referred  to  the  other. 

Lastly,  let  it  be  requii'ed  to  find  the  relations  between  X,  yu.,  v, 
and  the  ■&,  ^,  yjr  of  the  ordinary  theoiy.  For  convenience  of  de- 
scription, let  the  earth  be  the  body  considered,  the  axes  of  x  and 
y  being  fixed  in  the  plane  of  the  equator,  and  that  of  r  coinciding 
with  the  polar  axis,  whilst  the  axes  of  ^  and  rj  are  fixed  in  the 
plane  of  the  ecliptic.  Then  ^  is  the  inclination  of  the  equator 
to  the  ecliptic ;  0  is  the  right  ascension  of  the  axis  of  a: ;  and  yfr  is 
the  longitude  of  the  ascending  node  of  the  equator,  reckoned 
from  the  axis  of  ^. 

Now  it  is  ob\ious  that  the  earth  might  have  been  brought  from 
the  position  in  which  the  two  sets  of  axes  coincide,  into  that  in 
which  it  actually  is  at  any  instant,  by  three  successive  rotations ; 
namely,  fii"st,  a  rotation  -^  round  the  axis  of  z ;  second,  a  rota- 
tion ■&  round -the  axis  of  x ;  and  third,  a  rotation  <^  round  the 
axis  of  z  again.  Hence  the  principles  above  estabhshed  give  the 
following  equation  : 

K~^{l  —  iX—jfji  —  kv)=i  (cos^  — ^sin^  j  (cos-^  — fsin  — j 
i^cost-ksmt), 

of  which  the  second  side  developed  and  compared  with  the  first, 

gives 

/c=sec^jj-  sec^  ^— —-, 

^    cos^^ 
cosLT 

,=  tant+^. 
The  inverse  expressions  are  easily  obtained ;  thus  we  have 
tan      3      -  ^,     tan     ^     _v. 
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whence 


and 


tan  ilr  =  ^- ,     tan  0  =  r -, 


sec^TT  = 


2        \  +  v^' 


which  may  be  verified  by  means  of  the  vahies  of  h,  <^,  yjr,  \,  fi,  v 
in  terms  of  the  nine  direction  cosines. 
Oxford,  Jan.  11,  1851. 


XXVI.   On  the  Negative  Wave  of  Translation. 
By  A.  J.  Robertson,  Civil  Engineer^. 

IN  a  paper  on  the  Positive  Wave  of  Translation,  in  the  De- 
cember Number  of  this  iMagazine,  it  was  shown  that  the 
distance  the  crest  of  the  wave  moves  through,  during  the  time 
that  an  elementary  column  makes  a  vertical  oscillation  from  rest 

V  .     V      . 

to  rest,  IS  L-j , — the  quantity —  beinghalf  the  absolute  trans- 
lation of  the  particles  in  space, — and  that  in  consequence  the 
velocity  of  the  wave  is  increased  from   \^{a-\-k)g  to 


«     /7 TT-  /a  +  k  , 


k)9> 

In  the  negative  wave  of  translation,  which  is  generated  by  the 
abstraction  of  a  quantity  of  water  from  the  Channel,  and  which 
is  a  hollow  instead  of  a  swell,  the  translation  of  the  particles  is 
in  the  direction  contrary  to  the  motion  of  the  wave.  Hence  the 
crest  of  the  wave  moves,  during  the  vertical  oscillation  of  a 

V 
column,  through  a  space  less  than  L  by  a  quantity  — . 

Applying  the  same  principles  to  the  negative  as  to  the  positive 


<i- 


E 


-N 


wave,  retaining  the  same  symbols,  and  remembering  that  k  is  ne- 
gative, we  obtain 

*  Communicated  bv  the  Author. 
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L_I         

o     ""ff        /     «      *     -1*    fa  —  'Zk        1/ 


and 


a 


and  for  the  velocity, 


L- 


'./{a-l<),y=^J''-^.{a-n).y. 


In  the  following  table  the  columns  A,  B  and  E,  are  the  same 
as  those  of  Table  XI.  given  by  ^Ir.  Scott  Russell  in  his  second 
report,  where 

Column  A  is  the  depth  of  the  fluid  reckoned  in  inches  from 
the  lowest  part  of  the  wave. 
B  the  depth  of  the  wave  reckoned  belov\'  the  surface 

of  repose. 
E  the  velocity  obsened  1 

fa  —  k  I  ^^  ^^^^  P^*" 

E  by  the  formula  a  / {a  —  2k)g  )>     second. 

G  the  difference  between  E  and  F 


A. 

B. 

E. 

F. 

G. 

Xo. 

•915 

•085 

1-62 

1-53 

-•09 

1 

•925 

•075 

153 

1-55 

+•02 

■) 

•93 

•07 

1-27 

1-55 

+•28 

3 

•935 

•065 

1-66 

156 

-•10 

4 

•96 

-04 

1-38 

1-59 

+•21 

5 

•965 

■035 

1-40 

1-59 

•+•19 

6 

•97 

•03        i 

1-46 

1-60 

+  14 

7 

3-3 

•8          t 

2-65 

2-83 

+-18 

8        1 

3^4 

•7          j 

2-43 

2-89 

+•46 

9         i 

3^495 

•605 

2  63 

2-95 

+  •32 

10 

3-603 

•497      i 

3  04 

301 

-•03 

11 

371 

•39        1 

3-07 

308 

+  01 

12 

3-745 

•355       ! 

2-85 

310 

+  •25 

13 

3-77 

•33 

3-07 

3^12 

+•05 

14 

4365 

•735 

3-44 

3-30 

-14 

15         1 

4575 

•525 

3-33 

3-41 

+•08 

16 

4-6 

•5 

3-37 

3-43 

+-06 

17 

4-625 

•475 

266 

3-44 

+•78 

18 

4-75 

•35 

3-81 

3-51 

-•30 

19 

+3^03 

-  m 

2-37 

Average.... 

•124 
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The  average  difference  is  therefore  0*124  (almost  exactly  the 
same  as  in  the  case  of  the  positive  waves) ;  or  leaving  out  the 
9th  and  18th  examples,  which,  from  an  inspection  of  the  one 
above  and  below  in  each  case,  are  evidently  anomalous,  the  ave- 
rage sum  is  0'065,  or  f  of  an  inch  per  second. 

Hence  we  have  for  the  velocity  of  waves  of  translation  gene- 
raUy  the  expression 


V       a 


{a±2k)g, 


the  positive  or  negative  signs  being  taken  according  as  the  wave 
is  positive  or  negative. 

XXVII.  Beports  on  the  Progress  of  the  Physical  Sciences. 
By  John  Tyndall,  Ph.D.,  Marburg. 

Becent  Besearches  on  Electro-magnetism. 

1.  Ueher  die  Anker  der  Electromagnet e,  by  Dr.  J.  Dub.     Poggendorff's 

Annalen,  No.  8,  1848,  Sept.  6, 1848. 

2.  Ueber  die  Magnetisirung  von  Eisenstaben  durch  den  galvanischen 

Strom,  by  J.  MiiUer.     Ibid.  No.  3, 1850,  April  12,  1850. 

3.  Ueber  die  Magnetisirung  von  Eisenstaben  durch  den  galvanischen 

Strom,  by  Buff  and  Zammincr.     Annalen  der  Chemie  und  Phar- 
macie  for  July  1850. 

TEN  years  ago  Lcnz  and  Jacobi  of  St.  Petersburg  published 
their  celebrated  investigation  on  the  action  of  electro- 
magnets. The  thoroughness  of  that  investigation  seemed  to 
leave  little  hope  that  futui'c  experimenters  could  add  anything  to 
its  results,  and  this  consideration  appears  to  have  repelled  phy- 
sicists from  engaging  in  the  further  working  of  what  might  be 
considered  an  exhausted  mine.  The  subject,  however,  has  lat- 
terly attracted  considerable  attention;  and  various  facts  have 
been  obsen'ed,  the  tendency  of  which  is  to  unsettle  some  of  the 
most  important  laws  supposed  to  have  been  established  by  the 
two  experimenters  above  mentioned.  In  the  following  paper  an 
attempt  is  made  to  place  before  the  readers  of  the  Philosophical 
Magazine  a  brief  sketch  of  the  rise  and  progress  of  these  diver- 
gences. 

About  seven  years  ago  a  very  curious  series  of  experiments 
was  made  by  Professor  Hessel  of  this  University,  which  demon- 
strate in  a  veiy  striking  manner  the  influence  of  mere  shape  on 
the  lifting  power  of  a  magnet.  It  was  found  that  when  an 
iron  nail  of  a  certain  construction  was  brought  in  contact  with 
two  poles  of  unequal  power,  on  pulling  the  magnets  more  widely 
asunder  the  nail  did  not  cling  uniformly  to  the  stronger  pole, 
but  that  the  presentation  of  its  point  to  the  weaker  pole  was  suf- 
ficient to  give  to  the  latter  a  complete  predominance ;  so  that 
the  chain  formed  by  the  two  magnets  and  the  nail  always  gave 
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way  where  the  head  of  the  nail  joined  the  stronger  magnet.  In 
1848,  M.  Dub  of  Berlin  instituted  an  inquiry  into  the  lift- 
ing power  of  electro-magnets  mth  reference  to  the  form  of  the 
attracted  mass.  This  inquiry  proves  that  the  term  "lifting 
power  "  can  convey  no  definite  idea,  inasmuch  as  a  mere  change 
of  form  in  the  mass  attracted  will  cause  the  energy  with  which 
the  magnet  grasps  it  to  vaiy  between  the  limits  of  1  and  lOj  or 
perhaps  between  even  wider  limits. 

The  apparatus  used  by  Dub  was  a  steelyard,  from  one  end  of 
wliich  a  bar  of  soft  iron  "  submagnet*''  was  suspended  vertically, 
a  weight  being  moved  along  the  opposite  ann  rmtU  the  bar  was 
torn  from  the  magnet  underneath.  As  early  as  1833,  Dal  Negro 
had  asserted  that  the  attraction  of  the  magnet  increased  with 
the  weight  of  the  submagnet  j  the  fii'st  query  which  Dub  applied 
himself  to  was,  to  ascertain  ichether,  when  the  mass  of  the  latter 
remains  constant,  the  attraction  remains  constant  also.  Ten  cylin- 
drical bars  were  chosen,  aU  of  the  same  weight,  but  vamng  from 
1  to  16  inches  in  length,  and  from  2  inches  to  ^  an  inch  in  dia- 
meter ;  a  stream,  the  strength  of  which  is  expressed  by  the  tan- 
gent of  25°,  was  sent  roimd  the  magnet,  and  the  weight  neces- 
sary to  separate  each  bar  trom  the  magnet  was  determiried.  The 
following  table  exhibits  the  results  obtained,  the  weights  being 
expressed  in  pounds  and  decimals  of  a  pound : — 

I. 

Submag.  No.  1.  No.  2.  No.  3.  No.  4.  No.  5.  No.  6.  No.  7.  No.  8.  No.  9.  No.  10. 
1-8        17      21        2-7      3-35      4o        6-2      74        97        103 

TMien  a  stream  of  45°  strength  was  sent  round  the  magnet,  the 
following  weights  were  obtained : — 

Submag.No.  1.  No.  2.  No.  3.  No.  4.  No.  5.  No.  6.  No.  7.  No.  8.  No.  9.  No.  10. 
6-24      5-4        5-2      6-57      813     1071     15-5     1915     279     25o8 

We  have  in  all  these  cases  the  same  quantity  of  iron ;  but  the 
mere  peculiarity  of  form  is  sufficient  to  make  the  attraction  of 
No.  9  upwards  of  five  times  that  of  No.  3.  But  there  is  another 
circumstance  worthy  of  notice.  With  a  force  of  45°  the  attrac- 
tion of  the  thick  bar  No.  1  is  about  three  and  a  half  times 
what  it  was  with  a  force  of  20° ;  the  attraction  of  the  thin  bar 
No.  10  has  not,  however,  increased  in  the  same  ratio ;  with  a 
force  of  45°  it  is  only  two  and  a  half  times  what  it  was  with  a 
force  of  20°. 

*  This  term,  expressive  of  the  mass  of  iron  which  is  atti-acted  by  the 
maguet,  and  which,  in  its  tm-n,  attracts  the  magnet,  is  inti-oduced  here  for 
the  first  time.  The  word  '  keeper '  suggests  an  idea  which  has  no  reference 
to  the  present  case.  The  word  "  anchor,'  used  in  Germany,  is  also  inappU- 
cable.  As  the  mass  of  soft  hon,  when  induced,  is  itself  a  magnet,  the  term 
introduced  above  seems  to  be  appropriate.  It  suggests,  not  only  the  at- 
tractive property  of  the  induced  mass,  but  also  its  relation  to  the  exciting 
magnet. — J.  T. 

02 
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The  above  experiments  show  tliat  the  attractive  force  exerted 
oil  the  subiuaguet  increases  with  the  length  of  the  latter ;  this, 
however,  has  its  limit.  To  obtain  a  clear  insight  of  the  matter, 
Dub  first  of  all  chose  a  number  of  bars  of  the  same  diameter 
but  of  different  lengths,  and  then  a  number  of  the  same  length 
but  of  different  diameters.  The  former  varied  from  2  to  24 
inches  in  length,  and  were  all  1  inch  thick.  The  attracting 
magnet  was  also  an  inch  thick.  When  a  stream  of  20°  was  sent 
roimd  the  magnet,  the  following  weights  were  found  necessaiy 
to  force  it  and  the  submagnet  asunder : — 

Length  of  submag.     2"       3"       4"      5"  6"        9"       15"      18"     21"     24" 
Attraction 1-23     173     2-38   3     327    443     4-89    518    6-34    596 

With  a  stream  of  35°  the  following  weights  were  obtained  : — 

Length  of  submag.  2"        3"    4"        5"       6"       9"       15"      18"     21"  24" 
Attraction 2-96     4-5     6-08    7-56     8-88     13-8     16-4     18-8    22     17-5 

That  the  increase  of  attraction  which  accompanies  the  length- 
ening of  the  submagnet  has  a  limit,  is  rendered  clear  from  the  fol- 
lowing table,  wherein  are  exhibited  the  attractive  forces  exerted 
upon  a  number  of  bars  of  y^gths  of  an  inch  in  diameter;  the  magnet, 
as  in  the  former  case,  was  an  inch  thick  and  12  inches  long : — 

Length  of  submag.    2"     3"     4"     5"     6"      9"       12"  15"     18"     21"    24" 

Stream 20'; attract.  17     2-86  339  388  4-91  6         652  59     6-32    6-3    6-32 

...     35°;      ...         4-36  6-2     774  80     92  10 14  10-8     99  105     103  10-5 

We  here  see,  that  after  the  submagnet  has  attained  a  length 
of  about  9  inches,  its  attraction  remains  constant ;  that  full 
15  inches  might  be  cut  away  from  the  24"  bar  without  diminish- 
ing the  action  of  the  magnet  upon  it.  If  the  bars  be  thinner, 
the  point  of  maximum  attraction  exhibits  itself  still  sooner.  The 
results  contained  in  the  following  table  express  the  action  of  the 
same  magnet  on  bars  y'gths  of  an  inch  in  diameter  : — 


Length  of  submagnet 

.     2" 

4" 

6" 

9" 

12" 

Stream  20°;  attraction 

.     1-66 

2-97 

2-7 

3-5 

3-28 

...       35°;        ... 

3-28 

4-2 

4-2 

4-35 

4-36 

...       45°;         ... 

3-9 

4-5 

3-76 

4-7 

4-84 

We  here  see  that  from  4  inches  upwards  the  increase  is  hardly 
worth  notice :  but  we  derive  another  significant  conclusion  from 
the  table ;  and  that  is,  that  an  addition  to  a  strong  stream  effects 
less  than  a  proportionate  adtUtion  to  a  weak  stream  :  for  example, 
by  increasing  the  stream  from  20°  to  35°,  that  is,  by  doubling 
it,  the  carrying  power  of  the  magnet  in  the  case  of  the  2"  bar 
is  also  doubled ;  but  by  increasing  the  stream  from  35°  to  45°, 
that  is,  in  the  ratio  of  7  :  10,  the  cariying  power  is  increased  only 
in  the  ratio  of  7  :  8. 

These  experiments  are  at  variance  with  the  law  which  affirms 
that  the  lifting  power  of  an  electro-magnet  is  proportional  to  the 
square  of  the  magnetizing  stream.     Casting  an  eye  on  the  attrac- 
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tion  of  the  1.2"  bar  in  the  last  table,  we  see  that  with  a  ratio 
between  the  cuiTents  of  nearly  1  :  3  the  carrj-ing  power  increases 
onlv  in  the  ratio  of  2  :  3,  whereas  to  fullill  the  law  it  ought  to  be 
in  the  ratio  of  2  :  18. 

The  attractive  force  exerted  upon  a  mass  of  iron  is  by  no 
means  proportional  to  its  weight.  With  a  ciuTcnt  of  20°,  a 
submaguet  6  inches  long  and  1  inch  thick  was  attracted  with  a 
force  of  3\27  pounds;  while  one  of  the  same  length,  and  y^jths 
of  an  inch  thick,  was  attracted  with  a  force  of  4*91  pounds. 
With  a  stream  of  25°  the  former  was  attracted  with  a  force  of 
6'8  pounds  ;  whde  the  latter,  which  was  only  about  the  eleventh 
part  of  its  weight,  was  attracted  with  a  force  of  8*21  pounds. 
In  like  manner  it  was  found  that — 

A  submag.  9"  long  and  1"  thick  bore  a  weight  of  4*43  pounds,  and 
9"       "       --5  fi-00 

Perhaps  the  most  remarkable  fact  which  these  expeiiments 
establish  is,  that  there  is  a  point  of  saturation,  so  to  speak,  for 
soft  iron,  beyond  which  its  receptivity  for  fuiiher  magnetism 
ceases.  The  following  table  exhibits  this  in  a  veiy  striking 
manner : — 

Attraction  of  submagnets  2  inches  in  length  and  of  various  diameters. 

Diameters. 


Strength  of  stream. 

1". 

^"• 

Tt"- 

^"• 

lbs. 

lbs. 

lbs. 

20  tan  3-639 

1-25 

1-35 

1-7 

0-41 

25  ...  4-663 

1-75 

204 

2-56 

0-4 

31  ...  6-009 

2-43 

2-97 

3-57 

0-44 

35  ...  ;002 

2-96 

3-51 

4-36 

0-42 

39  ...  8098 

3-63 

4-38 

5-54 

0-47 

45  ...  10- 

4-68 

5-8 

6-86 

0-5 

Here  the  first  three  bars  exhibit  a  considerable  increase  of 
force,  according  as  the  stream  strengthens,  though  still  not  suffi- 
cient to  satisfy  the  law  of  Lenz  and  Jacobi  above  quoted.  A 
force  of  20°,  however,  seems  sufficient  to  satm-ate  the  last  bar ; 
for  by  an  increase  of  galvanic  power,  which,  according  to  the 
said  law,  ought  to  make  nearly  nine  times  the  attractive  force,  it 
can  scarcely  be  said  that  there  is  any  increase  at  all.  The  same 
occurred  with  bars  4",  6",  9",  and  12"  in  length;  in  each  case 
a  force  of  20°  seemed  to  satm'ate  the  ~"  bar  to  the  full  extent 
of  its  receptinty. 

The  above  experiments,  which  appear  to  have  been  conducted 
with  considerable  care,  seem  to  establish  the  principle  of  satu- 
ration. The  manner  of  induction,  however,  is  peculiar,  this  being 
effected  by  the  dii-ect  action  of  a  magnet  upon  a  mass  of  iron. 
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The  magnetism  of  the  magnet,  however,  iss  in  turn  induced  hy 
the  stream  which  encircles  it ;  and  the  question  will  naturally 
arise,  whether  by  this  mode  of  induction  a  point  of  saturation 
may  also  be  attained. 

The  recent  researches  of  M.  Miiller  furnish  us  with  a  prompt 
affirmative  reply  to  this  question.  In  the  investigation  of  Lenz 
and  Jacobi,  already  referred  to,  it  appeared  to  be  established  that 
the  magnetic  power  evoked  in  the  magnet  was  directlij  proportional 
to  the  stream  ivhich  encircled  it.  M.  Miiller,  however,  proves  that 
in  those  cases  only  where  tlie  diameter  of  the  induced  core  is 
considerable  does  the  law  of  the  Russian  physicists  hold  good, — 
that  thin  bars  have  a  point  of  saturation,  beyond  which  additional 
galvanic  power  does  not  materially  increase  the  power  of  attrac- 
tion. M.  Miiller  experimented  with  fom*  cores  of  different  dia- 
meters ;  it  will,  however,  serve  our  present  pui-pose  to  give  the 
results  arrived  at  with  his  thickest  and  his  thinnest  core ;  the 
former  was  44  millims.  thick,  and  the  latter  9  millims. ;  both 
bars  were  560  millims.  long. 

Bar  No.  1. 


1 

m 

c. 

\       a. 

i 

8. 

P- 

%i'. 

u. 

m. 

P 

V 

32  2 

44-076 

16397 

I  48 

18  6 

0-2760 

1683 

V 

28  2 

37-534 

13963 

2  27 

17  33 

0-2735 

1959 

V 

i  15  4 

19-278 

7110 

1  20 

13  41 

0-2202 

3097 

V 

!   3  2 

3-913 

1456 

16 

3  41 

0-2597 

4100 

g 

!  34  4 

47-929 

19555 

1  30 

16  44 

0-2744 

1403 

9 

15  5 

19-411 

7921 

39 

13  46 

0-2337 

2937 

9 

:  41  6 

62-146 

25356 

1  49 

17  33 

0-2845 

1122 

9 

7  0 

8-596 

3507 

18 

8  6 

0-1371 

3909 

Bar  No.  4. 


m 

c. 

a. 

s. 

P- 

m'. 

u. 

m. 

P 

V 

33  i 

45-633 

16975 

2  52 

54-43 

03631 

8041 

V 

20  2 

25-753 

7580 

1  45 

3922 

0-7898 

8244 

V 

18  8 

19810 

7369 

1  22 

31-44 

0-5946 

8069 

V 

12  0 

14-832^ 

5536 

1  2 

25-44 

0-4640 

8381 

V 

7  4 

9-093 

3383 

0  38 

15-38 

0-2730 

8129 

V 

6  5 

7-973 

2946 

0  34 

14-30 

0-2487 

8102 

In  these  experiments  the  current  passed  from  a  battery  com- 
posed of  six  of  Bimsen^s  cells  romid  a  magnetic  needle  (No.  1) 
placed  50  feet  distant,  the  tangent  of  the  angle  which  the  needle, 
when  mider  the  influence  of  the  current,  makes  with  the  mag- 
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netic  meridian  being,  as  is  known,  proportional  to  the  intensity 
of  the  stream;  thence  the  stream  passed  onward  to  a  copper 
helix,  within  which  the  core  of  soft  ii-on  was  placed.  The  helix 
stood  at  right  angles  to  the  magnetic  meridian,  and  the  mag- 
netism of  the  bar  within  it  was  determined  by  its  action  on  a 
freely  suspended  needle  (No,  2)  placed  88  centimetres  eastward 
from  the  helix.  A  ciuTcnt  which  delivers  1  cubic  centimetre  of 
ox}'-gen  and  hydi'ogen  at  0°  temp,  and  760  millims.  tension  in 
one  minute,  was  assumed  as  unit.  To  reduce  the  results  given 
by  the  needle  (No.  1)  to  this  unit,  the  tangent  of  the  angle  must 
be  multiplied  by  70. 

We  shall  now  explain  the  signs  used  in  the  foregoing  table. 
The  letters  v  and  g  contained  in  column  c  designate  two  distinct 
helices;  the  former  consisted  of  372  windings,  and  the  latter  of 
482  windings  of  copper  wire. 

The  column  headed  a  contains  the  angles  which  the  needle 
(No.  1)  made  with  the  magnetic  mendian;  the  column  s  con- 
tains the  produats  of  the  tangents  of  these  angles  and  the  factor 
70 ;  the  column  p  contains  the  magnetizing  force,  obtained  by 
multiplying  the  strength  of  the  stream  s  by  the  number  of  wind- 
ings in  the  helix ;  u'  is  the  angle  which  the  helix  alone,  when 
the  stream  passes  through  it,  causes  the  needle  (No.  2)  to  make 
with  the  magnetic  meridian ;  and  u  is  the  angle  caused  by  the 
united  action  of  helix  and  core;  tan  u—  tan  u'  will  therefore  be  the 
measm-e  of  the  magnetism  of  the  bar,  and  this  is  contained  in 
the  column  headed  w ;  the  last  column  contains  the  quotient 
obtained  by  dividing  the  magnetism  of  the  bar  by  the  force  ne- 
cessary to  evoke  the  said  magnetism. 

Were  the  law  that  the  magnetism  of  the  bar  is  proportional 

to  the  strength  of  the  current  valid,  the  quotient  —  ought  to  be 

constant ;  a  glance  at  the  last  column  will,  however,  show  that 
this   is  by  no  means  the   case  with  the  bar  No.   1.     When 

m 
a  weak  current  is  apphed,  —  is  greater  than  when  a  strong  cur- 
rent is  applied;  the  magnetism  of  the  bar  does  not  advance 
in  the  same  ratio  as  the  galvanic  power,  but  in  a  much  smaller 
ratio,  which  is  quite  analogous  to  the  results  obtained  by  Dub. 
The  bar  No.  4,  however,  which,  as  before  stated,  was  44  miUims. 
thick,  fulfills  the  law.  It  would  appear  from  this,  that  a  bar  of 
soft  iron,  as  regards  its  capacity  for  magnetism,  may  be  roughly 
represented  to  the  mind  as  a  vessel  of  fixed  dimensions  capable 
of  containing  a  certain  quantity  of  fluid  and  no  more. 

M.  Miiller  expresses  the  relation  between  the  magnetizing 
force,  the  magnetism  thereby  excited,  and  the  diameter  of  the 
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bar,  as  exhibited  in  the  foregoing  tablc^  by  the  formula 

;.  =  220/tan^^^^^_^,. 

If  we  call  the  strength  of  the  stream  x,  and  the  corresponding 
magnetism  y,  then,  wei'c  the  law  of  the  Russian  physicists 
general,  we  should  have 

y 

—  =  const,  or  ?/—  const,  a-, 

which  is  the  equation  of  a  straight  line.  Taking,  however,  the 
stength  of  the  stream  as  given  in  the  foregoing  table  as  abscissa, 
and  the  magnetism  excited  as  ordinate,  and  plotting  both  cor- 
rectly, we  obtain  in  the  case  of  the  thin  bar  a  curve  instead  of 
a  straight  line ;  and  moreover,  the  portion  of  this  curve  which 
corresponds  to  high  galvanic  power  runs  nearly  parallel  to  the 
abscissa,  thus  indicating  that  the  point  of  saturation  had  been 
nearly  attained. 

On  the  other  hand,  we  find  M^I.  Buff  and  Zamminer  of 
Giessen  coming  forward  to  defend  the  conclusions  of  Lenz  and 
Jacobi.  In  a  recent  number  of  the  Annalen  der  Chimie  und 
Pharmacie,  w^e  find  the  following  article  bearing  on  the  subject. 

]Miiller  of  Freiburg  (write  Buff  and  Zamminer)  has  lately 
published  jI  series  of  experiments,  and  from  them  derived  results, 
which,  could  they  be  regarded  as  the  correct  expression  for  the 
relation  of  the  electro-magnetism  to  the  strength  of  the  exciting 
current,  would  completely  dispel  all  notion  of  proportionality 
between  both.  In  point  of  fact,  this  author  rejects  the  law  of 
Lenz  and  Jacobi,  and  derives  from  his  experiments  the  conclu- 
sion, that  the  ratio  of  the  developed  magnetism  to  the  galvanic 
power  expended  exhibits  a  remarkable  decrease  when  that  power 
is  considerable,  and  that  for  every  soft  iron  core  there  is  an  actual 
electro-magnetic  maximum. 

This  conclusion  was  the  more  unexpected  by  us,  as  having 
for  some  time  occupied  ourselves  with  the  question,  under  what 
conditions  does  an  electro-magnet  attain  its  maximum  action 
upon  a  small  magnetic  needle  at  very  small  distances.  We  had 
repeated  opportunity  of  testing  the  correctness  of  the  above  law*. 
We  were,  however,  induced  to  submit  the  matter  to  a  new  trial, 
which  should  embrace  the  greatest  possible  variations  of  galvanic 
power. 

We  have  in  no  way  altered  the  method  of  experiment.  The 
stream  was  conducted  round  a  copper  ring,  in  the  centre  of 

*  That  the  magnetism  developed  is  directly  proportional  to  the  strength 
of  the  exciting  current. 
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whicli  swung  a  magnetic  needle*  (tangent  needle),  and  was  sent 
thence  through  a  vnxe,  which  encircled  an  iron  core.  In  the 
neighbourhood  of  the  latter  was  a  second  magnetic  needle  sus- 
pended horizontally,  so  that  the  produced  axis  of  the  core  struck 
the  central  point  of  the  needle,  and  was  at  right  angles  to  its 
meridian.  Both  needles  were  placed  sufficiently  far  apart  to 
prevent  any  mutual  action  between  them.  By  means  of  Wheat- 
stone^s  regulator,  the  strength  of  the  ciuTent  could  be  varied 
within  wide  limits,  and  was  measured  in  all  cases  by  the  tangent 
instrument.  Eveiy  alteration  in  the  strength  of  the  cmTent 
ought  to  be  accompanied  by  a  corresponding  alteration  of  the 
adjacent  magnetic  needle.  If,  now,  these  alterations  were  pro- 
portional to  each  other,  and  if  the  angle  which  the  tangent 
needle,  when  acted  upon  by  the  stream  circulating  round  it, 
makes  with  the  magnetic  meridian  be  called  ^,  and  the  angle 
which  the  excited  core  causes  the  other  needle  to  make  with  the 

same  direction  be  called  (6',  then  must  the  quotient 77  for  the 

^  ^  tan(p' 

same  series  of  experiments  be  a  constant  quantity. 

IMiiller  assumes  as  unit  for  the  galvanic  power  a  stream  which 
produces  a  cubic  centimetre  of  gas  in  a  minute.  To  reduce  the 
angle  given  by  the  tangent  instrument  to  this  unit,  the  tangent 
of  that  angle  must  be  multiplied  by  70.  His  smallest  strength 
of  stream  is  3v,  his  greatest  63"5.  The  power  which  he  applies 
varies  therefore  between  the  limits  of  the  ratio  of  1  :  17. 

His  iron  cores  were  560  millimetres  long,  and  were  eucu'cled 
by  wire  along  their  entne  length.  The  number  of  windings  on 
every  10  milJims.  of  the  cores  amounted,  dm-ing  one  part  of  the 
investigation,  to  16 ;  in  most  cases,  however,  it  did  not  exceed  8. 

The  magnetizing  force  stands  nearly  in  the  ratio  compounded 
of  the  strength  of  the  stream  and  the  number  of  winchngs  which 
act  upon  the  same  core.  The  greatest  magnetizing  force  applied 
by  Miiller  coiTcsponded  to  the  stream -strength  35"o,  with  16 
windings  to  every  10  millims.,  and  hence  exceeded  in  no  case 
the  number  568. 

Iron  cores  of  considerable  length,  such  as  those  used  by 
Miiller,  are  difficult  to  obtain  fi'ee  from  coercive  power.  TTe 
have  therefore  given  the  preference  to  shorter  ones.  The  outer 
surface,  which  is  generally  rendered  a  little  hard  by  hammering, 
was  turned  off,  and,  in  short,  no  pains  were  spared  to  obtain  good 
soft  iron.  Notwithstanding  this,  however,  no  core  used  by  us 
showed  itself  entirely  free  from  magnetism  after  it  had  been  once 

*  We  shall  refer  to  this  in  future  as  the  tangent  needle;  and  when  taken 
in  connexion  with  the  sun-ouncling  ring  and  the  graduated  circle,  as  the 
tangent  instrument.  The  ring  of  course  stood  pei-pendicular  to  the  ho- 
rizon.— J.  T. 
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excited.  But  the  quantity  that  remained  was  very  small ;  so 
small,  indeed,  that  the  magnetic  needle,  which  was  placed  600 
millims.  distant,  deviated  under  the  influence  of  this  remaining 
magnetism  from  the  magnetic  meridian  scarcely  one-tenth  of  a 
degree. 

The  following  are  the  dimensions  of  our  iron  cylinders :  — 

No.  1.  108  mUlims.  long  and  55  millims.  diameter. 

No.  2.  131  ...  38 

No.  3.  131  ...  19 

No.  4.  200  ...  9 

The  spiral  which  belonged  to  No.  1  was  86  millims.  in  length, 
and  consisted  of  90  windings  ;  8  windings  found  space  on  eveiy 
10  millims.     The  thickness  of  the  \nrc  was  4  millims. 

For  Nos.  2,  3  and  4,  a  spiral  110  millims.  long  and  of  560 
windings  was  used.  In  this  case,  therefore,  we  have  about  43 
windings  to  eveiy  10  millims.  of  the  core.  The  thickness  of  the 
wire  was  2  millims. 

The  tangent  instrument  had  two  rings.  According  as  the 
greater  or  the  less  was  used,  the  tangent  of  the  angle  which  the 
current  caused  the  needle  to  make  with  the  magnetic  meridian 
must  be  multiplied  by  31*62,  or  by  63*24,  to  reduce  it  to  the 
unit  chosen  by  ^Miiller. 

Finally,  to  reduce  the  magnetizing  force  to  the  same  unit,  the 
force  of  the  current  must  be  multiplied  by  8  or  by  43,  according 
as  the  bar  No.  1,  or  one  of  the  three  remaining  bars,  was  used. 

A  glance  at  the  following  table  will  show  that  the  magnetizing 
forces  used  by  us,  not  only  far  exceed  those  of  Miiller  in  absolute 
value,  but  that  they  were  also  more  widely  varied.  Our  weakest 
stream  was  3'3,  our  strongest  231*6. 

The  letters  at  the  head  of  the  table  have  the  following  signi- 
fications : — 

<})  expresses  the  angle  which  the  tangent  needle,  when  acted 
upon  by  the  stream,  makes  ^^'ith  the  magnetic  meridian. 

(f>',  the  angle  which  the  small  needle,  acted  upon  by  the  mag- 
net, makes  \nth  the  magnetic  meridian. 

(}>",  the  angle  due  to  the  action  of  the  helix  with  no  core 
wdthin  it. 

The  numbers  contained  in  the  columns  (f>'  and  <f>"  are  not  those 
directly  read  off,  but  are  the  mean  of  the  readings  right  and  left 
of  the  needle's  position  of  equilibrium. 

K  expresses  the  calcidated  magnetizing  force. 

^Ir,  the  angle  due  to  the  action  of  the  iron  core  alone. 

The  rest  is  evident  without  further  explanation. 
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Iron  core  No.  2.     43  windings  on  10  millims.  length. 
Distance  of  the  forward  end  of  the  core  from  the  needle  =  780 

millinis. 


<p.  1    K*. 

1 

0'. 

tnn  A" 

tan  (4'- 
tan0 
—  tan  1^. 

tan^l/ 
tan  ^' 

^ 

. 

Difif. 

1 

"   ■  I  calculated. 

1 

Observed. 

Calculated 

°6  j  143 

4-3 

1 
°...  1  001270 

006249 

0-59455 

°3-55 

3-25 

+0-3 

7     167 

4-8 

...  1  0-01484 

006913 

0-56303 

3-95 

3-75 

+0-2 

10     239-7    6-65 

002131 

009528 

0-54047 

5-45 

5-4 

1+0-05 

15     364-3  10-15 

0-03238 

0-14665 

0-54731 

8-35 

S-15 

i+0-2 

20     494     13-3 

2-5 

0-04398 

0-19241 

0-52864 

10-9 

11-0 

i-0-1 

25     634  1  1 71 

3-15 

0-05634 

0-25162 

0-53961 

141 

14-0 

1+0-1 

30  '  785     20-5 

4-0     0-06976 

0-30446 

0-52734 

16-95 

17-2 

1-0-25 

35  I  952     24-4 

...      008461 

036936 

0-52750 

2025 

20-55 

1-0-3 

40   1141     28-9 

1 

5-95   0-10139 

0-45064 

0-53706 

24-25 

24-4 

-0-2 

Meau = 

-0-53542t 

Iron  core  No.  3.     43  windings  on  10  millims.  length. 

Distance  of  the  foi"\\'ard  end  of  the  core  from  the  needle  =  600 

miUims. 


48  |1510 
40  1141 
30  785 
20     495 


29-8       ... 

0-15629 

0-41642 

0-3749 

22-6 

22-0 

2305   6-8 

0-11809 

0-30742 

0-3664 

171 

16-95 

16-00   4-6 

0-08125 

0-20455 

0-3543 

11-55 

11-85 

10-3      ... 

005122 

0-13051 

0-35855 

7-45 

7-55 

+0-6 
+0-15 
-0-3 
-01 


Iron  core  No.  4. 


43  windings  on  10  millims.  length. 


Distance  of  the  forward  end  of  the  core  from  the  needle  =  600 

millims. 


0. 

¥■ 

tan  0'. 

Calculated. 

Difference. 

tan0. 

4 
7 
16 
24 
32 
40 

1-85 

3-6 

8-5 

13-0 

1702 

22-5 

0-4619 
0-5124 
0-5212 
0-5185 

0-4898 
0-4937 

2-0 

3-55 

8-3 

12-7 

17-6 

23-05 

-0-15 
-1-0-05 

-i-0-2 
+0-3 
-0-58 
-0-55 

Meau 0-5071i 

*  The  magnetizing  force  was  calculated  accortliug  to  the  formula 

K=43.31-62.tan(^. 
t  In  taking  the  mean  of  the  quotients,  the  two  fii'St  are  excluded. 
X  In  taking  the  mean  here,  the  first  quotient  is  excluded,  as  there  is  evi- 
dently some  error  connected  with  the  experiment. 
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It  will  not  be  necessary  to  <rivc  the  full  tabular  statement  of 
the  experiments  Avhich  BufF  and  Zammincr  have  made  with  their 
thickest  magnet,  as  the  pith  of  the  controversy  lies  in  the  results 
given  in  the  last  table.     It  will,  however,  be  interesting  to  know 


how  the  quotients 


tan  yjr 


tan  <f) 


agree    among   themselves,    and   what 


agreement  exists  between  the  observed  and  calculated  values  of  i/r. 

Bar  No.  4. 


tan  xj/ 

1 

tan^ 

Observed. 

Calculated.      1 

6979 

2715 

271 

7080 

26-45 

261 

7149 

25-3 

24-8 

6935 

22-4 

22-55 

6966 

180 

18-0 

6950 

11-8 

11-85 

6740 

6-4 

6-55      , 

6654 

6-6 

6-45 

6740 

6-4 

6-2 

6565 

5-9 

5-85 

6425 

31 

315 

6121 

20 

215 

6399 

1-35 

1-35 

6806 

0-65 

0-6 

In  the  first  seven  of  these  experiments  the  power  applied  was 
very  great ;  it  varied  from  82'^-25  to  59°.  The  power  in  the  last 
seven  experiments  varied  from  6(f  to  9°.  In  ihe  former  case 
the  full  current  was  not  allowed  to  pass  round  the  tangent  needle, 
but  a  branch  current  about  the  19th  part  of  the  full  one. 

The  observed  values  of  -^jr  are  found  by  subtracting  tan  (f>" 
from  tan  (f>,  and  ascertaining  the  corresponding  angle  in  table 
of  tangents.     The   calculated  values  of  yjr  are  derived  on  the 


assumption  that 


tan  i/r 
tan<^ 


is  a  constant  quantity.     The  inconsider- 


able, or  at  least  irregidar,  difi'erenccs  between  the  observed  and 
calculated  values  of  yjr  justify  this  assumption,  and  establish  the 
law  of  Lenz  and  Jacobi,  at  least  in  those  cases  where  the  core 
consists  of  good  soft  iron. 

AATience,  then,  (demand  Buff  and  Zammiuer)  those  remark- 
able divergences  which  have  been  observed  by  Miiller  ?  It  is 
hardly  possible  to  account  for  them  satisfactorily  so  long  as  the 
details  of  his  experiments,  which  are  omitted  in  his  memoir, 
remain  undescribed.  We  believe,  however,  that  we  are  justified 
in  the  conjecture,  that  the  ground  thereof  lies  partly  in  the  defect 
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of  his  cores  in  regard  to  softness,  and  partly  in  the  manner  in 
which  the  experiments  have  been  made. 

The  ^raters  support  this  conjecture  by  a  number  of  experi- 
ments made  with  defective  iron  andunhardened  steel,  wherewith 
they  are  able  to  produce  divergences  c[uite  similar  to  those  ob- 
served by  Miiller.  The  latter,  however,  retorts  that  his  cylinders 
were  made  of  the  best  possible  iron ;  and  that  the  reason  why 
Buff  and  Zamminer's  results  differ  from  his  is,  that  their  greatest 
galvanic  po^\-er  was  applied  to  their  thick  cores,  a  comparatively 
''  modest "  amount  of  force  being  expended  on  the  thin  ones. 
He  contends  that  their  results  are  quite  in  conformity  with  his 
formulae,  and  so  the  matter  rests. 


XXVIII.   On  Hydrodynamics.     By  Professor  Potter,  A.M.* 

LAGRxlNGE,  in  the  tenth  section  of  his  Mecanique 
Analytique,  page  282,  says,  "Mais  ce  n^est  jamais  par 
les  routes  les  plus  simples  et  les  plus  directes,  que  I'esprit  humain 
parvient  aiLX  verites,  de  quelque  genre  qu'elles  soient,  et  la 
matiere  que  nous  traitous  en  foui-nit  mi  exemple  frappant."  The 
subject  of  hydrodynamics  which  called  forth  this  remark  is  no 
doubt  one  to  which  it  emphatically  applies,  as  is  strikingly  evi- 
dent fi'om  the  history  of  the  science,  which  he  gives.  I  must, 
however,  now  venture  to  disagree  \^ith  him  when  he  says,  "  et 
D^Alembert  est  le  premier  qui  ait  reduit  les  vrais  lois  de  leur 
mouvement  a  des  equations  analytiques.^'  He  says  in  another 
place,  "  c^est  a  Eider  qu'on  doit  les  premieres  formules  generales 
pour  le  mouvement  des  fluides,  fondees  sm*  les  lois  de  leur  equi- 
libre,  et  presentees  avec  la  notation  simple  et  lummeuse  des  dif- 
ferences partielles.'^  If  the  doctrine  of  the  atomic  constitution 
of  matter  had  been  demonstrated  in  the  days  of  these  great  men, 
the  formulae  for  fluid  motion  might  not  have  required  revision  at 
the  present  day. 

The  veiy  definition  of  a  fluid,  that  every  particle  is  capable  of 
motion  on  the  application  of  the  slightest  force,  shows  us  that 
when  we  admit  the  doctrine  of  ultimate  atoms,  we  must  consider 
the  motion  of  a  fluid  as  originating  in  the  motions  of  its  consti- 
tuent atoms ;  and  the  dynamical  principles  must  be  applied  in 
the  first  instance  to  the  distinct  atoms,  and  not  to  pai"ticles  of 
fluid  which  may  consist  of  either  many  atoms  or  of  an  imaginary 
fraction  of  an  atom,  which  has  been  the  case  as  far  as  the  theories 
hitherto  received  are  concerned.  It  is  in  this  respect  that  I  have 
long  seen,  as  stated  in  my  paper  in  the  last  Number  of  this  pub- 
lication, that  the  equations  of  fluid  motion  must  be  rectified ; 
and  having  found  the  correct  differential  equation  for  vibratoiy 

*  Communicated  bv  the  Author, 
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motion  in  a  fluid,  I  now  proceed  to  discuss  the  equations  for  the 
general  ease,  and  maintain  their  accuracy  on  the  following  grounds 
in  addition  to  the  theoretical  reasons  given  above  : — fii'st,  the  ordi- 
naiy  expressions  which  are  deduced  from  the  old  theory,  and 
admitted  as  accurate,  arise  on  proj)er  considerations  from  my 
equations ;  and  secondly,  the  properties  of  diverging  streams  of 
fluid  and  of  vibratoiy  motion,  which  could  not  be  deduced  from 
them^  arise  almost  as  simply  as  the  others  from  my  general 
formulae. 

It  is  almost  with  regi'et  that  one  sees  the  beautiful  deductions 
from  the  equation  of  continuity  to  be  unnecessary ;  and  I  had 
formerly  thought  that  the  ordinary  equations  required  unly  the 
substitution  of  an  equation  of  form  in  place  of  the  equation  of  con- 
tinuity, which  would  have  expressed  the  tendency  in  the  atoms 
to  resume  the  cubical  arrangement  after  a  displacement,  in  virtue 
of  their  mutual  repulsions.  No  such  equation  would^  however, 
render  the  theoiy  correct  m  passing  from  the  ordinary  equations 
of  equilibrium  to  those  of  motion.  As  far  as  the  equilibrium  of 
fluids  is  concerned,  there  is  no  need  to  refer  to  their  intimate  con- 
stitution, although  with  more  complexity  the  same  results  might 
be  obtained  by  considering  the  mutual  pressm-es  of  the  atoms. 

In  hydi'odynamics,  however,  we  must  commence  with,  the  cir- 
cumstances of  the  motion  of  the  most  elementaiy  portion  which 
is  capable  of  separate  motion,  or  with  those  of  an  ultimate  atom. 
The  mathematical  exj^ression  for  fluids  in  a  state  of  equilibrium 
not  being  based  on  atomic  considerations^  the  equations  of  fluid 
motion  cannot  be  derived  from  them ;  but  an  especial  application 
of  DWlembert^s  principle  must  be  made,  and  then  the  principle 
of  virtual  velocities  becomes  available. 

Proposition.  To  form  the  general  equations  of  motion  for  an 
atom  in  a  fluid. 

Let  X,  y,  z  be  the  coordinates  of  0  x 

an  atom  M,  whose  mass  is  m. 

X,  Y,  Z  the  accelerating  forces 
acting  upon  it  parallel  to  the 
axes  respectively. 

w,  r,  w  the  velocities  of  M  par- 
allel to  the  axes  respectively. 

Let  p  be  the  pressm-e  on  a  unit 
of  area,  if  as  at  M,  and  hp  the  dif- 
ference of  the  pressui'es  from  the 
neighbouring  atoms  in  the  direc- 
tion of  motion,  so  that  the  moving  force  on  the  atom  from  this 
cause  is 

hp  X  area  of  the  face  of  the  attributed  cube  of  the  atom. 

Let  s  be  an  arc  of  the  path  of  M,  and  dec,  dy,  dz  the  compo- 
nents of  ds  in  the  axes  respectively. 


M 
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Let  2Ss  be  the  distance  of  contiguous  atoms  at  j\I,  so  that  hs 
is  the  distance  of  the  nucleus  or  centre  of  an  atom  to  the  face  of 
its  attributed  cube,  of  which  the  area  is  4Ss^,  and  therefore 
Athp.hs^  is  the  moving  force  acting  on  the  atom. 

By  D'Alembert's  principle,  the  forces  in  the  directions  parallel 
to  the  axes  which  would  make  equilibrium,  are  respectively 

wX  +  48jo.Ss^. -T '^•jT 

^         ds  at 

mZ4-4S».Ss^.  -, m .—rr ; 

^         ds  dt 

and  by  the  principle  of  virtual  velocities,  we  have 

+  (.Z4-48;,.a.^.|-,4)^.  =  0, 
or 
{Xdx  +  Ydy  +  ldz)+4^^.hs\ds-{u'^^  +v'^  ^-w^^dt^O. 

We  have  also  by  Boyle's  law,  j9  = /cp  for  elastic  fluids ;  and  by 
Canton's  law  for  liquids,  jOy=p(l—c^),  where  c  measures  the 
compression  under  a  unit  of  pressure ;  and  hp  being  formed  from 
the  conditions  existing  in  any  given  case,  these  equations  suffice 
for  the  solution  of  eveiy  problem,  without  any  auxiliaiy  equations 
like  the  equation  of  continuity. 

If  R  be  the  impressed  accelerating  force  acting  in  the  direction 
of  the  motion,  we  have 

RfZs  «  ^dx  +  Ydy  +  Zdz ; 
also 

du        dv         div       1  d(u^  +  v^  +  w^) 

^^+"^+^;^  =  3 — It — 


!<§)' 


~2     dt 
and  integrating,  the  above  general  equation  becomes 

To  apply  this  to  particular  cases,  let  s  be  vertical,  and  R=^ 
=  the  force  of  gravity ;  also  let  the  pressui'e  be  a  simple  func- 
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lion  of  s,  so  that,  stopping  at  the  first  terms  of  the  expansion  of 
{p  +  ^p),  we  have 

&„=  I  (22.), 
and 

m  ds  p86A-^ 

_  '^/^ 
pds' 
and  the  equation  becomes 

then  for  elastic  fluids, 

and  supposing  when  s  =  0,  that  jt;=y;^,  and  the  velocity  =V,  we 
have,  putting  v=  -j-. 


+  /.log(^^)-i(.2-A-^)=0. 


-\p, 

For  the  case  of  liquids  we  must  use  the  law  of  density  /0;=/3 
(1  —  cp),  and  the  equation  is 

or,  taking  the  limits  as  before. 

Pi        ^Pi  '" 

If  we  take  c=0,  these  equations  coincide  with  those  from  the 
old  theory  for  elastic  and  non-clastic  fluids  respectively. 

Proposition.  To  apply  the  general  equation  to  the  theory  of 
sound. 

We  have  now  R  =  0,  and  the  pressure  is  a  function  of  the  or- 
dinate of  the  displaced  atom. 

Let  s  be  the  ordinate  of  the  atom  at  rest,  and  S  that  when 
displaced,  at  the  time  t :  let  p^  and  p^  be  the  pressure  and  density 
before  the  disturbance,  p  and  p  their  values  at  the  time  t.  Then, 
as  in  the  paper  on  Sound  in  the  last  Number, 

_  K  mass  of  an  atom 
^'~'  8(8Sp  ' 
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and  hp  involves  S(8S)  the  variation  of  (SS) ;  also 
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ds 

S^j 

and                                                             </^S  ^  .-, 
j.^      dp    ^^          3/c.m    ds'-    ^' 
^P-ds'^'-         8     ■    (gsr    ^ 

with  these  substituted^  the  genera: 

equation  becomes 

^■^s 

3«       </52 

or 

3/c       ^2 

--^'S  =0 
(If-      • 

as  found  in  my  last  paper  ;  the  negative  sign  indicating  that  the 
positive  variation  of  the  pressure  corresponds  to  a  decrement  of 
the  distance  of  the  atoms. 

Proposition.  To  apply  the  expressioiis  to  the  case  of  a  diverging 
stream  of  air  in  Roberts^s  experiment  (often  called  M.  Clement^s 
experiment) . 

This  interesting  case  of  a  diverging  stream  of  elastic  fluid  is 
discussed  experimentally^  and  a  popular  explanation  of  the  cause 
of  the  results  given  in  a  paper  in  the  fifth  volume  of  the  new 
series  of  the  Transactions  of  the  ^lanchester  Literary  and  Phi- 
losophical Society,  by  Mr.  Hopkins. 

Mr.  Hopkins  shows  that  the  rarefaction  is  a  consequence  of 
the  first  law  of  motion,  by  which  eveiy  particle  of  air  tends  to 
move  with  a  unifoi-m  velocity,  and  therefore  in  the  divergence  of 
the  stream,  the  density  must  be  diminished. 

Let  the  figures  represent  the  experiment,  where,  in  fig.  1,  CD 
represents  the  section  of  the  pipe  through 
which  the  air  is  forced,  with  its  circular  per-  Fig.  1. 

forated  plate  EF  attached ;  and  above  which,    g  ji 

at  some  small  distance,  is  a  plane  circular  , 
disc  GH.  Then  as  the  air  issues  from  the  ^ 
pipe,  the  disc  causes  it  to  diverge  on  all  sides, 
and  it  immediately  becomes  rarefied.  Tlie 
rarefaction  increases  to  some  distance  fi'om 
the  aperture  and  then  diminishes  again,  until, 
at  the  edge  of  the  plate,  the  density  is  the 
same  as  that  of  the  atmosphere. 

Phil  Mag,  S.  4.  Vol.  1.  No.  3.  March  1851. 
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Fig.  2. 


Let  fig.  2  represent  the  circular  plate 
attached  to  the  pipe ;  let  OAPBBT'A'  be 
a  circular  sector,  of  which  the  arc  BB'  is 
on  the  edge  of  the  plate,  AA'  is  on  the 
edge  of  the  aperture  where  the  air  enters, 
and  PP'  any  other  concentric  arc. 

Let 

0A=«,     0P=5,     OB=R. 

Then  the  fluid  issuing  uniformly  from  the 
pipe,  the  motion  soon  becomes  steady ;  and  the  mass  (M)  issuing 
in  the  indefinitely  small  time  {ht)  fi'om  the  pipe,  is  the  same  in 
amount  which  escapes  from  the  edge  in  the  same  time,  and  the 
same  also  which  passes  over  everj^  concentric  arc. 

At  A,  let  py  be  the  density,  p^  the  pressure,  and  v^  the  velocity 
At  P,  ...  p  ...  p  ...  V 

At  B,  ...  p'  ...  p'  ...  v' 

Let  h  be  the  height  of  the  disc  GH  above  the  plate  EF,  fig.  1, 
then  we  have 

lsl  =  2'rrah.v^p^.Zt 

=  27rsh.vp .  8t 

=  27r'Rh.v'p'.St; 

.-.  pvs=ip,avi=ip'v'B,, 
and 

p=Kp 

KpfiVf    _   Kp'vf^ 
VS  VS 

To  form  Sp  for  application  in  the  general  equation,  we  note 
that  V  being  taken  the  velocity  of  the  nucleus  of  an  atom,  Bp  is 
to  be  taken  only  in  respect  of  the  variation  of  s  from  {s—8s)  to 
(s-i-Ss),  and 


^='im=- 


VS" 


and  the  equation  becomes,  since  there  is  no  impressed  accelera- 
ting force. 


in 


or 


ds 
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p'v'R 
and  substituting  the  value  vp=s ,  we  have 

2=-V7 

=  C—K\0g{s)', 

and  V  becomes  v'  when  s  becomes  R, 

.•.i(.2-.-'-^)=«log(?l). 

Substituting  the  vahie  of  v  from  this  expression  in  that  for  p, 
we  have 


ACp'f'R 

p=  -i- 


/cp 


'r'R 


5(t''2+2/ciog-y. 

To  find  the  position  of  the  minimum  pressure  and  density,  we 
have 

ds        ' 

which  gives 

s^sx.e   2\.      kJ. 

In  order  to  compare  the  results  of  experiment  with  these  for- 
mulfe,  we  require  to  know  the  values  of  k  and  r';  and  since  jb' 
at  the  edge  is  the  pressui'e  of  the  atmosphere,  we  have 

p'^icp'^gp'H; 

if  H  is  the  height  of  the  homogeneous  atmosphere, 


also 


'       \Pi     a  / 
=  t-'2  +  2/flog(5l). 


which  gives  t/  when  p,  the  density  of  the  air  at  passing  the  edge 
of  the  pipe  is  kuo^Ti. 

As  we  have  considered  the  air  to  diverge  from  the  centre  of 
the  disc,  the  pipe  in  experiments  should  be  small  compared  with 
the  size  of  the  disc,  in  order  to  have  the  results  of  theoiy  and 
experiment  nearly  agreeing ;  and  unfortunately  Messrs.  Hopkins 
and  Roberts  used  a  pipe  with  an  apertm-e  2f  inches  diameter, 

P2 
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whilst  the  disc  was  only  6  inches  diameter.  Results  of  calcula- 
tions accordingly  approximate  as  closely  to  those  of  experiment 
as  the  circumstances  warrant  us  to  expect ;  the  rarefaction  given 
by  theory  being  much  greater  than  that  found  from  experiment 
with  the  above-named  proportions  of  aperture  and  chsc,  and  \Wth 
the  position  of  minimum  density  further  from  the  centre. 
London,  Januai-v  23,  1851. 


XXIX.   On  Apiine.     By  Dr.  Adolph  v.  Planta  of  Reichenau, 
and  William  Wallace*. 

A  PIINE  was  discovered  by  ]M.  Heniy  Braconnot.  He  found 
"^^  it  wliile  endeavouring  to  ])repare  for  culinaiy  pui-poses  a 
volatile  oil,  or  distilled  water  of  parsley,  as  a  substitute  for  the 
fresh  plant  at  times  when  the  latter  is  difficult  to  procure. 

He  called  it  apiine,  from  the  Latin  word  api  or  apium.  He 
gives  its  reactions  and  some  of  its  characteristic  properties,  the 
most  of  which  correspond  with  those  described  in  this  paper ; 
while  others  diflFer  considerably,  arising  obviously  from  his  not 
hanng  prepared  the  substance  in  a  state  of  purity. 

i\I.  Braconnot's  experiments  will  be  found  described  in  detail 
in  the  Annales  de  Chimie  et  de  Physique,  vol.  ix.  3rd  series,  p.  250. 

The  following  experiments  were  undertaken  with  the  view  of 
ascertaining  more  perfectly  and  more  extensively  its  properties, 
reactions  and  decompositions;  and  also,  more  particularly  for 
the  pm'pose  of  establishing  its  composition  and  equivalent  pro- 
portion. During  our  investigations,  our  attention  was  also  espe- 
cially dii-ected  to  the  best  and  quickest  method  for  its  preparation 
in  a  state  of  pm-ity f. 

I.  P7'epa7'ation. 

The  leaves  of  the  Apium  petroselinum,  or  common  parsley, 
were  extracted  by  boiling  with  water,  and  the  solution  strained 
from  the  insoluble  residue  evaporated  nearly  to  diyness  in  a  water- 
bath.  The  residue  was  washed  with  cold  water  as  long  as  the 
washings  left  any  residue  on  evaporation.  The  washed  floccu- 
lent  powder  was  then  completely  dried  at  a  verj"  moderate  tem- 
perature. Forty  pounds  of  parsley  leaves  yielded  about  four 
ounces  of  this  crude  product.  In  this  state  it  formed  a  rather 
coarse  powder  of  a  deej)  gi-een  colom-,  containing  about  two- 
thii-ds  of  its  weight  of  apiine  ;  the  other  third  consisting  of  in- 
organic matter,  chlorophylcj  with  the  waxy  matter  which  usually 

*  Communicated  by  tlie  Authors,  ha\-ing  been  read  before  the  Philoso- 
phical Society  of  Glasgow,  December  18,  1S50. 

t  These  experiments  were  conducted  at  the  laboratoiy  of  Professor  Will 
in  Giessen  during  the  months  of  Januarj-,  Februarj-,  and  March  1850. 
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accompanies  this  substance,  and  perhaps  also  small  quantities 
of  other  organic  bodies. 

The  following  process  for  purii^ang  the  above  crude  product 
was,  after  numerous  and  very  tedious  experiments,  considered 
the  best. 

The  crude  substance  was  finely  powdered  and  dissolved  in 
alcohol  of  75  per  cent,  by  continued  boiling,  and  the  solu- 
tion filtered  hot,  on  which  nearly  all  the  inorganic  matters  re- 
mained upon  the  filter.  The  solution  was  of  a  veiy  intense 
green  colour,  and  gelatinized  with  great  consistency  when  cooled. 
The  jelly  was  not,  however,  tremulovis  like  animal  gelatine,  but 
was  capable  of  being  cut  with  a  blunt  knife  without  yielding. 
Braconnot  describes  it  as  resembhng  pectic  acid.  The  solution 
was  put  into  a  large  flask  connected  ynUi  a  distillatoiy  apparatus, 
and  the  spirit  distilled  ofi"  until  the  boiling-point  of  the  residual 
solution  was  higher  than  that  of  water.  As  the  solution  evapo- 
rated, apiine  precipitated  as  a  whitish  powder  of  a  flocculent  or 
curdy  appearance.  A  considerable  quantity  of  boiling  alcohol 
was  then  added  to  the  contents  of  the  flask,  and  the  whole  was 
well-shaken  together  and  thro^^ni  upon  a  cloth  filter.  The  solu- 
tion which  came  through  contained  nearly  all  the  impurities, 
and  also  a  veiy  considerable  quantity  of  apiine,  the  greater  part 
of  which,  however,  remained  upon  the  cloth,  the  powder  not 
being  readily  soluble  in  alcohol  unless  boiled  with  it  for  a  length- 
ened time.  The  corners  of  the  cloth  were  now  taken  together, 
and  the  contents  well-squeezed  between  the  hands  to  express  as 
much  as  possible  of  the  veiy  impure  liquid.  Fresh  boiling 
alcohol  was  added  to  the  contents  of  the  cloth,  and  the  above 
operation  of  filtration  and  squeezing  repeated  three  or  four  times. 
The  powder  was  finally  squeezed  as  diy  as  possible,  and  trans- 
ferred to  a  flask,  where  it  was  boiled  -^ith  successive  portions  of 
sether,  in  which  it  is  nearly  insoluble,  until  the  last  quantity 
remained  perfectly  colourless  even  after  protracted  boiling.  The 
powder  was  now  collected  upon  filters  and  dried,  first  under  the 
exhausted  receiver  of  an  air-pump  over  oil  of  \itriol,  and  finally 
in  the  water-bath. 

II.   General  Properties. 

Apiine,  as  prepared  by  the  above  process,  is  a  very  light  floc- 
culent powder,  nearly  colouiiess,  ha\'ing  onlj^  a  faint  primrose 
or  yellowish-green  tint,  which  probably  arises  from  a  very  minute 
trace  of  chlorophyle  adliering  to  it.  It  is  perfectly  inodorous 
and  also  tasteless.  It  feels  quite  impalpable  between  the  fingers, 
and  the  structure  of  its  particles  is  quite  amorphous,  having  no 
trace  of  organization.  The  solutions  of  apiine  in  water  and  in 
alcohol  are  quite  neutral  to  test-papers,  and  are  scarcely  adhe- 
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sive.  In  some  of  its  properties  it  resembles  pectine,  but  it  also 
differs  from  that  substance  in  many  essential  particulars.  It 
seems  to  be  peculiar  to  the  umbelliferous  tribe  of  plants.  Bra- 
connot  states  that  he  has  found  small  quantities  of  apiine  in  the 
leaves  and  stalks  of  celery,  and  also  in  chervil.  We  have  not 
yet  had  an  opportunity  of  examining  other  plants  for  this  sub- 
stance, but  shall  probably  do  so  at  a  future  period. 

Before  going  more  minutely  into  its  properties,  it  will  be  well 
to  consider  its  composition. 

III.   Composition. 

In  the  three  following  analyses,  each  was  made  upon  a  sepa- 
rate quantity  of  apiine  prepared  at  different  times,  and  by  a 
slightly  modified  process.  That  employed  in  the  third  analysis 
was  prepared  exactly  as  above  described.  No  preference  is  given 
to  this  analysis  over  the  others,  as  the  apiine  in  each  case  seemed 
equally  pure,  the  process  described  above  being  only  the  quickest 
and  most  convenient. 

The  ashes  or  inorganic  matters  of  the  three  preparations  were 
respectively  0'36  to  0*62,  and  0*15  per  cent.  In  each  analysis 
the  quantity  of  ash  was  deducted  from  the  actual  weight. 

1.  'SSOS  grm.  gave  '1665  gi-m.  water,  and  '6705  grm.  carb.acid. 

2.  -2855         ...       -1410  ...  -5764 

3.  -3325         ...       -1673  ...  -6650 

These  numbers  give  on  calculation  the  following  composition  : — 

I.  II.  III.  Mean. 

Carbon      .     55-25  55  05  54-55  54-95 

Hydiogen         5-59  5-49  5-60  5-56 

Oxygen      .     39-16  39-46  39-85  39-49 

100-00  100-00  10000  10000 

The  composition  of  a  quantity  of  apiine  dissolved  in  caustic 
potash  and  subsequently  precipitated  by  an  acid,  may  also  be 
given  here,  as  its  properties  do  not  seem  to  be  at  all  altered  by 
this  treatment. 

4.  0214  grm.  gave  0-1105  gi-m.  water,  and  0*4305  grm.  car- 
bonic acid ;  or  in  100  parts : — 

Carbon  .  .  .  54-87 
Hydrogen  .  .  5-74 
Oxygen    .     .     .     3939 

10000 

It  may  be  as  well  for  us  to  state  here,  that  all  the  combustions 

mentioned  in  this  paper  were  made  wnth  chromate  of  lead ;  and 

when  the  per-centage  amoimt  of  carbon  was  high,  pure  oxygen 

gas  was  passed  through  the  apparatus  at  the  end  of  the  process. 
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IV.  Equivalent  Number. 

As  apiine  does  not  form  salts  nor  stable  combinations  with 
bases  or  acids,  the  determination  of  its  real  atomic  proportion 
cannot  with  certainty  be  performed.  The  combination  fonned 
with  oxide  of  lead  under  particular  circumstances  is  too  in-egular 
in  its  composition  for  any  rehance  to  be  placed  on  the  equivalent 
which  might  be  deduced  from  it.  Indeed  we  question,  from  the 
mode  of  its  formation,  whether  it  is  a  mixture  or  a  compound.  We 
were  therefore  obliged  to  have  recourse  to  the  metamorphosed  pro- 
ducts of  apiine  by  acids  and  other  agents;  but  as  the  resulting  sub- 
stances are  themselves  in  exactly  the  same  relation  to  other  forms 
of  matter  as  apiine,  the  equivalent  here  given  must  be  considered 
only  as  one  of  convenience  and  not  the  actual  atomic  weight. 

If  the  mean  of  the  above  results  be  di\dded  by  the  equivalents 
of  the  respective  elements,  numbers  are  found  which  indicate 
roughly  the  comparative  number  of  atoms  arranged  together. 
These  numbers  may  be  di\aded  at  will ;  and  we  have  preferred 
to  take  24  atoms  of  carbon,  in  order  that  the  equivalent  may 
correspond  with  those  of  pectine,  gum,  starch,  sugar,  and  similar 
substances. 

Mean  of  foiu'  analyses. 
Carbon     .     54-93-^6  =  916  or  92  or  24-0  or  24  equivalents. 
Hydrogen        5-60-^-1  =  560  ...  56  ...  14-6  ...  14 
Oxygen    .     3947^8=493  ...  50  ...  13-0  ...  13 

Thus  apiine  does  not  appear  to  be  one  of  the  ivater-carhon 
substances,  like  gum,  starch  and  sugar ;  and,  unlike  pectine  also, 
there  are  more  equivalents  of  hydrogen  than  of  oxj'gen.  Bra- 
connot  made  no  analysis  of  apiine,  but  he  expressed  the  opinion 
that  it  was  intermediate  in  its  composition  between  the  gum 
series  and  the  resins,  an  idea  which  is  fully  supported  by  these 
analyses.  This  formula,  C'^^H^'^0^^,  agrees  very  well  with  the 
analyses  made. 

Found. 


I.             II.           III.  IV. 

24  Carbon      .     144     54*96     55-25  5505  54-55  54-87 

14  Hydrogen        14       5-34       5-59       549       5-60  5-74 

13  Oxygen     .     104     3970     3916  39-46  39-85  39-39 

262  100-00  10000  10000  100-00  10000 

V.  Solubility  and  Gelatinizing  Power. 

The  characteristic  property  of  apiine  being  its  power  of  be- 
coming a  jelly  when  a  hot  solution  is  cooled,  its  solubility  in 
water  and  other  menstrua  is  a  subject  of  considerable  importance ; 
we  were  therefore  led  to  examine  this  point  very  carefully. 
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1.  In  cold  water. — A  quantity  of  apiine  was  dissolved  in  boil- 
ing: distilled  water,  and  the  solution  allowed  to  cool  to  about  60°  F. 
and  filtered.  98  grms.  of  the  filtrate  were  evaporated  in  a  pla- 
tina  basin,  and  the  residue  dried  in  the  water-bath ;  there  re- 
mained 0'012  grm.  after  deducting  the  ash.  Therefore  100  parts 
of  water  at  60°  dissolve  0"0122  parts  of  apiine,  which  is  equivalent 
to  8500  times  its  weight  of  water  at  that  temperature. 

2.  In  boiling  water  it  dissolves  veiy  readily.  The  exact  quan- 
tity, however,  which  is  dissolved  at  212°,  or  at  the  boiling-point 
of  the  saturated  solution,  was  not  determined.  The  readiness 
with  which  the  solution  gelatinizes  renders  it  difficvdt  or  imprac- 
ticable to  determine  this  point  with  accuracy.  The  hot  solution 
is  not  adhesive. 

On  cooling,  it  becomes  a  veiy  stiff  jelly,  without  tenacity,  as 
before  explained.  The  jelly  of  impm-e  apiine  has  a  somewhat 
greasy  appearance,  which  is  owing  to  the  presence  of  a  curious 
fatty  substance  which  we  had  not  time  to  examine.  The  jelly 
has  also  a  dark  green  colour,  from  the  presence  of  a  small  quan- 
tity of  chlorophyle.  Pure  apiine  when  gelatinized  is  nearly 
coloiu'less,  and  is  quite  free  from  the  fatty  substance  above  re- 
ferred to.  AATien  the  hot  solution  is  highly  diluted,  a  precipitate 
forms  of  a  light,  alumina-like  appearance,  and  this  precipitation 
occurs  whenever  one  part  of  apiine  is  dissolved  in  less  than  8500 
parts  of  hot  water  and  the  solution  allowed  to  cool.  Tlie  quan- 
tity necessaiy  to  form  a  perfect  jelly  with  water  could  not  be 
determined,  as  this  depends  very  much  upon  the  stillness  with 
which  the  solution  is  kept  while  cooling,  and  other  circumstances. 
One  part,  however,  will  form  a  stiff  jelly  with  500  of  water. 
Again,  when  a  concentrated  hot  solution  in  water  is  boiled  down, 
the  apiine  precipitates  as  a  flocculent  whitish  powder. 

3.  In  cold  alcohol  ajjiine  is  more  soluble  than  in  cold  water, 
and  this  constitutes  one  of  the  remarkable  differences  between  it 
and  pectine.  A  quantity  of  apiine  was  dissolved  in  hot  alcohol 
of  75  per  cent.,  and  the  solution  allowed  to  cool  to  about  60°  F. 
A  considerable  precipitate  formed.  60  grms.  of  the  filtered  so- 
lution, on  evaporation  in  a  water-bath,  left  0*154^2  grm.  There- 
fore 100  parts  of  alcohol  of  75  per  cent,  dissolve  0"3  of  apiine ;  or 
one  part  of  the  latter  is  soluble  in  333  parts  of  spirit  of  wine 
at  60°. 

4.  In  boiling  spirit,  apiine  dissolves  in  considerable  quantity, 
the  boiling-point  of  a  concentrated  solution  being  appreciably 
above  that  of  water.  After  drying  at  212°,  it  requires  protracted 
boiling  for  complete  solution.  This  solution  forms  a  stiff  jelly 
or  a  gelatinous  precipitate  on  cooling,  according  to  the  quantity 
dissolved. 

"WTien  the  apiine  is  pure^  the  solution  is  colom-less,  or  nearly 
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so,  and  has  the  same  odoiu-  as  the  spirit  itself;  when  impiu-e,  it 
is  of  a  green  coloiu-,  and  has  a  veiy  offensive  smell. 

During  the  evaporation  of  a  concentrated  solution  in  hot 
alcohol,  the  apiine  separates  as  a  cui'dy  precipitate ;  and  when 
the  evaporation  is  complete,  it  is  left  as  a  white  powder. 

5.  In  cold  cether  apiine  is  quite  insoluble. 

6.  In  boiling  cether  the  dried  powder  is  also  insoluble  ;  in  a 
moist  state,  however,  as  recently  evaporated  from  alcohol,  ?ether 
dissolves  a  ven^-  minute  quantity.  The  solution  on  cooling  does 
not  gelatinize,  but  the  apiine  separates  as  a  very  light  gelatinous 
precipitate  on  cooling  and  standing  for  two  or  three  days.  The 
quantity  dissolved  therefore  is  veiy  minute,  probably  not  more 
than  one  part  in  several  thousand  of  pether. 

7.  In  caustic  alkalies. — Apiine  is  reacUly  dissolved  by  caustic 
alkahes  in  the  cold  if  strong,  or  by  the  assistance  of  heat  if  weak. 
Braconnot  states  that  ammonia  and  even  lime-water  also  dissolve 
it.  The  apiine  is  precipitated  on  the  addition  of  an  acid,  appa- 
rently xmaltered  in  its  properties,  and  certainly  unchanged  in  its 
composition.  In  the  analyses  before-mentioned,  the  fom-th  was 
made  with  apiine  which  had  been  dissolved  in  caustic  potash  and 
then  precipitated  by  hydrochloric  acid.  In  its  reactions,  also, 
this  substance  was  found  to  coincide  precisely  with  those  of  apiine, 
and  there  is  therefore  no  doubt  whatever  of  their  identity.  This 
is  another  striking  characteristic  which  cUstinguishes  apiine  from 
pectine,  which,  whenever  it  comes  in  contact  with  an  alkali,  is 
transformed  into  pectic  acid.  In  adding  an  acid  to  an  alkahne 
solution  of  apiine,  the  latter  generally  appears  as  a  cm-dy  preci- 
pitate ;  but  in  certain  circumstances  a  jelly  is  produced.  Strong 
and  hot  caustic  potash  decomposes  apiine,  but  the  products  have 
not  been  examined. 

8.  In  acids. — Concentrated  oil  of  \itriol  dissolves  apiine  in  the 
cold,  forming  an  orange-red  solution.  Allien  this  solution  is 
slightly  heated,  it  begins  to  blacken  and  decompose;  and  by 
boiling,  complete  decomposition  takes  place.  When  the  solution 
is  pom-ed  into  cold  water,  a  bright  yellow,  cmxly  or  flocculeut 
precipitate  falls.  This  appears  to  be  apiine  xmaltered.  The 
yellow  colour'  seems  to  be  o^ing  to  the  presence  of  an  acid,  for  it 
disappears  when  the  precipitate  is  washed  tasteless  ^dth  cold 
water.  Alkalies  also  cause  the  same  colour.  Thus  apiine  does 
not  become  altered  by  solution  in  concentrated  sulphunc  acid, 
Hke  starch,  lignine,  &c. 

Concentrated  hydrochloric  acid  dissolves  apiine  when  warmed, 
forming  an  orange-coloiu-ed  solution,  which,  when  poured  into 
cold  water,  gives  a  bright  yellow  precipitate,  which  is  curdy  or 
flocculent.  When  washed  with  water,  it  becomes  colourless,  or 
nearly  so.  The  apiine  does  not  appear  to  be  changed  by  this 
treatment. 
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Strong  nitric  acid  dissolves  apiine  in  the  cold  without  decom- 
position, and  it  is  precipitated  unchanged  by  pouring  the  solu- 
tion into  cold  water. 


VI.  Action  of  Heat. 

0'346  grm.  of  pure  apiine  was  dried  in  a  water-bath  until  no 
further  loss  of  weight  was  obsersed.  It  then  weighed  0-332  gnn., 
giving  a  loss  of  0*01 4  grm.  It  was  now  exposed  to  the  air  for 
several  hours,  when  it  was  found  to  have  regained  its  original 
weight  exactly. 

From  these  and  other  experiments  it  appears  that  100  parts 
of  apiine,  dried  at  212°,  absorb  from  the  atmosphere  a  determi- 
nate quantity  of  hygrometric  moisture,  amounting  to  4'21  parts ; 
and  further,  that  it  does  not  lose  any  portion  of  this  under  the 
air-])ump  over  sulphuric  acid. 

For  the  purpose  of  determining  its  melting-point,  0"3322  grm. 
was  heated  in  the  an--bath  to  110°  C.  (230°  F.)  for  ten  minutes; 
after  cooling,  its  weight  was  found  to  be  the  same.  The  same 
portion  was  then  heated  for  ten  minutes  to  120°  C.  (248°  F.), 
and  the  weight  still  remained  unaltered. 

Raising  the  heat  bv  slow  des:rees,  it  was  found  to  melt  at 
180°  C.  (356°  F.).  At  200°,  or"  between  that  and  212°  C,  it 
began  to  decompose.  T\Tien  apiine  is  bm-nt  on  a  platina  knife, 
it  emits  an  odour  resembUug  that  of  charring  sugar,  but  more 
pungent, 

A\hen  exposed  to  the  flame  of  a  spirit-lamp,  it  first  melts,  then 
becomes  yellow,  and  subsequently  brown,  and  after  evolving 
some  gaseous  matters  takes  fire,  and  burns  for  a  short  time  with 
a  smoky  flame,  leaving  a  bulky  residue  of  charcoal,  which  birnis 
away  with  some  difficidt}\ 

The  following  experiment  was  made  in  order  to  ascertain 
whether  apiine  could  be  fused  without  imdergoing  alteration. 

0*192  grm.,  previously  dried  in  the  water-bath,  was  heated  in 
a  shallow  platinum  capsule  until  completely  fused.  The  pro- 
duct was  clear  and  transparent  like  glass,  and  of  an  amber  tint. 
On  cooling,  it  cracked  and  split  like  gum.  It  then  weighed 
0*188  grm.,  having  lost  0*004<  grm.,  which  may  be  accounted 
for  by  a  very  slight  incipient  decomposition.  Had  it  lost  1  equiv. 
of  water,  the  decrease  of  weight  would  have  amounted  to  about 
0*008  grm. 

This  shows  that  apiine  is  capable  of  being  fused  without  de- 
composition ;  and  further,  that  it  cannot  be  made  to  give  up  any 
of  its  water,  or  rather  the  elements  of  water,  by  heat,  without 
complete  destruction  of  its  identit}\  This  is  a  somewhat  cha- 
racteristic property,  and  serves  to  distinguish  it  from  many  other 
substances. 
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The  mass  obtained  as  above  dissolved  very  readily  in  boiling 
water,  giving  a  perfectly  clear  and  nearly  colourless  solution, 
which  when  cold  gelatinized,  and  was  not  in  any  respect  different 
from  the  original  substance. 

"VII.   Transformations. 

1 .  Effect  of  long  boiling  ivith  water. 

About  0"3  grm.  of  apiine  was  dissolved  in  4  or  5  oz.  of  hot 
water,  and  the  solution  was  kept  boiling  during  about  sLx  hours, 
the  solution  being  made  up  with  water  from  time  to  time  as  it 
evaporated.  The  product,  when  carefully  brought  to  diyness  in 
a  water-bath,  was  of  a  much  darker  colour  than  the  pure  apime, 
being  of  a  light  olive-brown  tint ;  otherwise,  it  did  not  appear  to 
be  much  altered,  although  the  gelatinizing  power  was  perhaps 
not  so  great. 

A  combustion  of  this  substance  gave  the  following  results  : — 
0-158  grm.  -0-002  ash  (1-3  per  cent.)  =0-156  gave  0-0885 
water  and  0-295  carbonic  acid ;  or  by  calculation — 

Carbon 51-57 

Hydrogen 6-30 

Oxj'gen 42-13 

100-00 
These  numbers  give  a  formula  which  approximates  closely  to 
C24Hi6oi5^or— 

Found. 

24  Carbon 144         51-43         51-57 

16  Hydi-ogen     ....       16  571  630 

15  Oxygen 120         42-86         42-13 

280      1 00-00       100-00 

The  result  is  a  somewhat  singular  one ;  and,  in  order  to  con- 
fii'm  it,  another  experiment  of  a  different  character  was  made. 

0-29  grm.  day  apiine  was  boiled  vdih  water,  as  in  the  former 

case,  and  the  solution  was  evaporated  in  a  platina  capsule.     The 

residue,  dried  in  a  water-bath,  weighed  0-3152  grm.     The  ash, 

amounting  to  0-004  gnn.,  subtracted  from  this,  gives  0*3112  grm. 

0-29  :  0-3112  :  :  262  (equiv.  of  apiine)   :  281-15. 

This  makes  the  equivalent  of  this  substance  281-15,  instead 
of  280. 

It  may  therefore  be  regarded  as  apiine  combined  mth  2  equivs. 
of  water,  or  C^^  W^  Qi^  2H0. 

2.  Action  of  boiling  dilute  sulphuric  acid. 

When  apiine  is  boiled  during  several  hours  with  veiy  dilute 
sulphuric  acid,  it  is  decomposed,  a  substance  of  a  similar  nature 
being  produced,  only  differing  from  it  in  containing  less  hydi'o- 
gen  and  oxygen  in  the  proportions  necessary  to  form  water. 
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Three  different  portions  of  apiine  were  converted  into  this 
substance  at  different  times  and  under  varied  circumstances. 
The  mode  of  operation  in  each  case  was  nearly  as  follows  : — 

From  0'5  to  1  grm.  of  apiine  was  boiled  from  two  to  five  hours 
with  several  ounces  of  a  mixture  of  one  part  sulphuric  acid,  and 
from  ten  to  twenty  parts  of  water,  the  bulk  being  occasionally 
made  uj)  with  water.  The  solution  was  then  poured  into  cold 
water,  on  which  a  precipitate  formed  of  a  yellow  colour.  This 
was  collected  on  a  filter,  and  washed  ])crfectly  tasteless  with  cold 
water,  during  which  the  yellow  tint  disappeared,  and  it  assumed 
what  may  be  called  a  dirty-white  colour.  The  filter  and  its  con- 
tents were  dried  thoroughly  over  sulphuric  acid  :  the  substance 
M'as  then  sejiarated  from  the  paper,  powdered,  and  finally  dried 
in  the  water-bath.  It  was  then  of  an  olive-bro^\^l  colour,  inodorous 
and  tasteless,  easily  powdered,  and  quite  soft  between  the  fingers. 
It  was  soluble  in  hot  water  and  in  hot  spirit  of  \^'ine  :  the  solu- 
tions were  insensible  to  test-papers,  and  gelatinized  on  cooling. 
Its  reactions  are  similar  to  those  of  apiine. 

An  analysis  was  made  of  each  of  the  three  above-mentioned 
preparations,  which  gave  the  following  results  respectively — 

1.  0'339  grm.  gave  0"1343  grm.  water,  and  0*7915  grm.  car- 
bonic acid. 

2.  0"3455  grm.  gave  0*1418  grm.  water,  and  0"8021'  carbonic 
acid. 

3.  0-3703 -ash  0-0038  =  0-3665  grm.  gave  0-15  grm.  water, 
and  0'8527  carbonic  acid.     Or, — 

I.                   II.                 III.  Mean. 

Carbon  ....     6368  63-34  63-45  63-49 

Hydrogen  .  .       4-40           4-56           4-55  4-50 

Oxygen 3192  3210  3200  3201 

100-00       10000       100-00       100-00 

Taking  the  mean  of  these  analyses,  and  dividing  each  element 
by  its  respective  equivalent,  and  taking  24  atoms  of  carbon,  we 
arrive  at  an  approximation  to  the  formula  C^'*  H^^  0^,  thus : — 

Found. 


24  Carbon  .  .  .  , 

.     144 

63-71 

63-68 

63-34 

63-45 

63-49 

10  Hydrogen  . 

.       10 

4-42 

4-40 

4-56 

4-55 

4-50 

9  Oxygen .  .  . 

.       72 

31-87 

31-92 

32-10 

32-00 

32-01 

226  10000  100-00  10000  10000  100.00 

This  substance  may  therefore  be  considered  as  apiine  which 
has  lost  four  equivalents  of  the  elements  of  water,  or  C'^'*  H'^^O'^ 
— 4H0.  This  is  a  very  singular  decomposition,  as  substances 
like  gum,  starch  and  lignine,  acquire  water  or  its  elements  by  a 
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similar  treatment.  It  only  senses  to  prove  more  fully  that  apiine 
has  no  connexion  with  the  water-carbon  series. 

An  'attempt  was  made  to  prove  that  gi-ape-sugar  was  formed 
during  the  action  just  described,  but  without  success,  or  at  least 
the  indications  were  so  imperfect  that  no  reliance  whatever  could 
be  placed  in  them.  The  sulphate  of  copper  test  could  not  in 
this  case  be  employed,  since  apiine  itself  acts  like  grape-sugar 
in  reducing  the  oxide  of  copper  to  suboxide. 

3.  Action  of  boiling  dilute  hydrochloric  acid. 

Some  apiine  was  dissolved  in  wann  concentrated  hydrochloric 
acid,  a  large  quantity  of  water  added,  and  the  whole  boiled  for 
some  time.  The  solution  was  poured  into  cold  water,  and  the 
curdy  precipitate  which  fomied  collected  on  a  filter,  washed 
tasteless  and  dried.  The  result  was  not  much  different  in  its 
appearance  and  in  its  reactions  from  pure  apiine.  An  analysis 
gave  the  follo\\'ing  resvdts  : — 

0"2765  gnn.  gave  0'1265  grm.  water,  and  O'o988  grm.  carbonic 
acid. 

This  gives  on  calculation,  carbon  59'06  and  hydi'ogen  5*08 
per  cent.,  which  lead  to  the  fomiula  C^"*  H^-  0'^ : — 

Found. 

24  Carbon 144 

12  Hvdro-en    ...  12 

11  Oxygen 88 

244       100-00       10000 

It  appears  then  that  by  this  operation  apiine  loses  two 
equivalents  of  water,  and  this  substance  mav  be  represented  as 

Some  apiine  was  boiled  for  several  hours  with  hydrochloric 
acid,  diluted  with  from  ten  to  twenty  times  its  bulk  of  water. 
By  precipitation,  washing  and  diying  as  before,  a  substance  was 
obtained  resembhng  that  prepared  by  dilute  sulphuric  acid.  A 
combustion  gave  the  following  results : — 

0"1975  gnn.  gave  0'0807  grm.  water,  and  0*466  gnu.  carbonic 
acid. 

This,  by  calculation,  gives  carbon  64-34  and  hydrogen  4-54 
per  cent.,  numbers  which  agree  tolerably  well  with  the  formula 
for  the  substance  obtained  by  boiling  apiine  with  dilute  sulphu- 
ric acid,  namely,  C"^"*  H^°  0^. 

24  Carbon 

10  Hych'ogen    .  .  . 
9  Oxygen 


59-01 

5906 

4-91 

5-08 

36-08 

35-86 

Found. 

144 

63-71 

64-35 

10 

4-42 

4-54 

72 

31-87 

31-11 

226       100-00       100-00 
This  substance  had  the  general  properties  ascribed  to  that 
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prepared  by  dilute  sulphuric  acid,  and  we  have  no  doubt  what- 
ever that  the  two  are  identical.  Their  reactions  also  correspond. 
Neither  this  preparation  nor  that  immediately  preceding  it  con- 
tained any  chlorine. 

It  may  therefore  be  concluded  that  by  boiling  apiine  with  di- 
lute mineral  acids,  it  loses  four,  and  sometimes  two  equivalents 
of  water.  It  certainly  is  singular  and  characteristic,  that  whereas 
it  takes  up  water  when  boiled  with  that  liquid,  it  loses  water  or 
its  elements  if  a  little  sulphuric  or  hydrochloric  acid  is  added 
before  boiling. 

We  have  not  considered  it  necessaiy  to  name  these  substances, 
as  they  are  imimportant,  and  have  no  very  characteristic  pro- 
perty. We  have  mentioned  them  merely  as  fonning  part  of  the 
chemical  history  of  apiine. 

4.  Action  of  nitric  acid. 

A  quantity  of  pure  apiine  was  boiled  for  about  half  an  hour 
with  nitric  acid,  diluted  with  half  its  bulk  of  water.  The  de- 
composition and  production  of  nitrous  acid  fumes  proceeded  very 
slowly,  although  the  apiine  dissolved  readily  in  the  acid.  The 
liquid,  after  standing  an  hour  or  so,  became  quite  colourless. 
The  addition  of  water  made  it  yellow,  without  however  produ- 
cing a  precipitate,  and  the  same  occurred  on  neutralizing  with 
ammonia.  On  mixing  \^^th  water,  and  nearly  neutralizing  with 
potash,  a  yellow  colour  was  also  manifested,  the  liquid  remaining 
clear;  but  on  being  allowed  to  cool  and  stand  for  an  hour,  a 
small  quantity  of  precipitate  appeared,  which  seemed  to  be  pure 
apiine  not  yet  decomposed.  The  solution  supersatui-ated  with 
ammonia  did  not  produce  the  slightest  turbidness  with  chloride 
of  calcium,  proving  the  absence  of  oxalic  acid.  It  was  also  care- 
fully tested  for  carbazotic  acid  by  means  of  a  solution  of  chloride 
of  atropine,  but  no  indication  of  its  presence  was  manifested. 
When  however  the  solution  was  carefully  evaporated  to  diyness, 
the  matter  which  was  left  deflagrated  slightly  >  u  being  heated. 

Braconnot  ha\dng  stated  that  the  products  of  the  decomposi- 
tion of  apiine  by  nitric  acid  were  oxalic  and  picric  acids,  an  ex- 
periment conducted  exactly  as  above  was  made  on  impure  apiine. 
In  the  solution  was  found  abundance  of  oxalic  acid,  and  likewise 
some  picric  acid,  while  the  insoluble  portion  seemed  to  consist 
almost  entirely  of  the  latter,  or  of  some  compound  analogous  to 
it,  and  which  gave  the  reaction  for  carbazotic  acid  with  a  salt  of 
atropine.  When  dried  and  subsequently  heated  on  a  platina- 
knife,  it  detonated,  but  not  loudly.  It  is  therefore  probable  that 
in  this  and  in  Braconnot's  experiments,  the  oxalic  acid  was  pro- 
duced wholly  from  the  iinpui'ities,  and  the  picric  acid  principally, 
if  not  entirely  from  them. 

As  with  the  pui'e  apiine  the  diy  residue  deflagrated  slightly, 
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yet  did  not  give  the  reactions  of  carbazotic  acid,  it  is  probable 
that  in  this  case  the  residue  was  merely  apiine  with  some  nitric 
acidj  forming  a  weak  combination  Hke  that  of  nitric  acid  ^ith 
starch.  The  ultimate  results  of  oxidation  by  means  of  nitric  acid 
are  probably  carbonic  acid  and  water. 

5  Action  of  peroxide  of  manganese  and  dilute  sulphuric  acid. 
Pure  apiine  was  heated  in  a  small  distilling  apparatus  with 

peroxide  of  manganese  and  dilute  sulphuric  acid.  A  liquid  and 
a  gas  were  the  products. 

The  gas  was  conducted  through  hme-waterj  on  which  a  tur- 
bidness  instantly  ensued,  showing  the  presence  of  carbolic  acid. 

The  liquid  which  distilled  over  was  clear  and  transparent,  and 
had  the  odour  of  formic  acid.  Its  reaction  was  intensely  acid. 
Mixed  with  solution  of  nitrate  of  silver  and  gently  warmed,  the 
oxide  of  silver  was  immediately  reduced,  a  small  quantity  of  gas 
at  the  same  time  escaping,  indicating  the  presence  of  formic 
acid. 

A  portion  of  the  liquid  was  mixed  with  excess  of  oxide  of  lead, 
and  digested  for  some  time,  after  which  the  reaction  of  the  clear 
liquid  was  decidedly  and  powerfully  alkaline,  showing  the  for- 
mation of  a  basic  salt  of  lead,  and  being  a  probable  indication  of 
acetic  acid.  To  render  this  more  certain,  a  portion  of  the  liquid 
was  taken,  in  which  the  formic  acid  was  completely  decomposed 
by  peroxide  of  mercmy^ :  it  was  then  filtered,  and  the  filtrate 
mixed  with  sidphuric  acid  and  alcohol  and  boiled,  when  the 
characteristic  odoui*  of  acetic  aether  was  strongly  manifested, 
pro\'ing  beyond  a  doubt  the  presence  of  acetic  acid. 

In  explanation  of  the  decomposition,  the  following  fonnula 
may  be  given  : — 

6  equivalents  hydrated  fonnic  acid  ....     C^^  H^^  O^* 

2         ...  ...         acetic  acid  .     .     .     .     C  ^  H  ^  0  « 

4         ...         carbonic  acid C  "*         O  ^ 


Apiine  +  6  eq.  water  +  21  eq.  oxj^gen  =  C'-^  H^  O'*^ 

6.  Action  of  chlorine  on  a  solution  of  apiine. 

Chlorine  gas  was  passed  into  a  hot  solution  of  apiine  in  water : 
a  precipitate  fell.  TMien  this  was  collected,  washed  and  dried, 
and  heated  on  a  knife,  the  odour  of  hydi'ochloric  acid  was  per- 
ceptible. Boiled  with  water  some  gas  seemed  to  be  evolved, 
which  was  not  chlorine;  perhaps  it  was  oxygen. 

Possibly  this  may  be  a  feeble  combination  of  apiine  with  chlo- 
rine, resembling  the  iodide  and  bromide  of  starch,  which  boiled 
with  water  decomposes  it,  fonning  hydrochloric  acid  and  libera- 
ting oxygen.  Braconnot  mentions  this  substance,  and  states  that 
picric  acid  is  formed  during  its  production.     We  did  not  find  it. 
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VIII.  Compound  with  hydrochloric  acidt 

As  apiine  when  dissolved  in  hydrochloric  acid  and  precipitated 
by  being  thro\\ai  into  cold  water  acquires  a  yellow  colour,  wc 
thought  it  probable  that  a  combination  was  fomied  which  was 
decomposed  by  washing  with  water. 

There  not  being  any  definite  compound  of  apiine  with  a  base 
by  which  its  combining  proportion  could  be  determined,  it  was 
considered  of  the  highest  importance  that  a  combination  with 
hydrochloric  acid  should,  if  possible,  be  effected.  Some  very 
careful  experiments  were  therefore  made,  but  without  success,  so 
far  at  least  as  the  detenuination  of  the  equivalent  number  is  con- 
cerned. However,  as  the  experiments  were  interesting,  they 
will  be  given,  and  likewise  the  equivalent  which  might  be  de- 
rived from  them. 

Pure  and  perfectly  diy  apiine  was  put  into  a  U-tube,  and  hy- 
drochloric acid  gas,  prepared  from  common  salt  and  oil  of  vitriol, 
and  dried  by  being  passed  through  concentrated  sulphuric  acid, 
was  conducted  over  it  for  from  ten  to  fifteen  minutes.  A  con- 
siderable volume  of  air,  dried  by  passage  over  chloride  of  calcium, 
was  dra\\ni  through  the  apparatus,  which  was  then  corked  up 
and  reweighed.  The  apiine  in  this  process  became  of  a  bright 
golden  yellow  colour,  just  like  when  the  solution  in  strong  hy- 
drochloric acid  Avas  pom-ed  into  cold  water.  Two  experiments 
gave  the  following  results  : — 

I.  0"4030  fjrm.  absorbed  0*0206  grm.  hydrochloric  acid,  or 
100  =  5-111." 

II.  0*3602  2;rni.  absorbed  0*0185  srm.  hydrochloric  acid,  or 
100  =  5*133. 

This  would  make  the  equivalent  of  apiine  712,  which  would 
give  its  fonnula,  as  nearly  as  possible,  C^^  H^^  0^^,  or — 

Found. 


I. 

II. 

III. 

IV. 

65  Carbon 

.     390 

55-0 

55-25 

55-05 

5455 

54*87 

39  Hydi-ogen 

.       39 

5-5 

5*59 

5-49 

5-60 

5*74 

35  Oxygen 

.     280 

39-5 

3916 

39-46 

39-85 

39*39 

709  100*0  100*00  100*00  100*00  100*00 

On  heating  this  compound  (?),  however,  in  a  water-bath  for  a 
few  minutes,  it  regained  its  original  coloiu",  and  became  indeed 
pure  apiine,  containing  not  a  trace  of  hydi'ochloric  acid.  Its  in- 
stability was  so  great,  that  even  when  exposed  to  the  air  it 
emitted  hydi'ochloric  acid,  which  was  quite  perceptible  by  its 
odour. 

We  therefore  consider  this  substance  not  a  combination,  but 
as  apiine  holding  hydrochloric  acid  hygrometrically ,  or,  what  is 
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more  probable^  as  apiine  having  its  fiill  amount  of  hygrometric 
moisture,  namely  4'2  per  cent.,  and  having  this  water  saturated 
with  hydrochloric  acid.  This  latter  view  accounts  for  the  in- 
crease of  weight  in  a  very  satisfactory  manner ;  the  hygrometric 
moisture  might  be  easily  derived  from  the  not  absolutely  anhy- 
drous gas.  Again,  this  substance  cannot  exist  in  contact  mth 
"water,  even  in  the  cold ;  so  that,  on  the  whole,  although  the 
formula  C^^  H^^  0^^  is  probably  as  good  as  any  other,  yet  these 
experiments  do  not  warrant  this  conclusion,  and  it  is  preferable 
to  employ  the  more  simple  one,  C^'*H^"*0^^,  at  first  fixed  upon. 

IX.  Reactions. 

It  only  remains  now  to  give  the  reactions  of  apiine  with  the 
various  reagents.  These  are  few  in  number;  indeed  there  is 
only  one  which  is  highly  characteristic,  viz.  that  with  a  salt  of 
iron. 

AVTien  a  solution  of  apiine  in  water  or  in  alcohol  is  mixed  with 
a  neutral  solution  of  sulphate  of  iron,  it  becomes  of  a  deep 
brownish-red  colour;  and  this  reaction  is  so  delicate,  that  1  gnn. 
of  apiine  dissolved  in  10  litres  of  water,  or  1  part  in  10,000,  can 
be  detected.  The  same  efi'ect  is  produced  with  perchloride  of 
iron,  provided  the  solution  is  not  strongly  acid.  Apiine  is  also 
a  test  for  iron ;  1  drop  of  solution  of  perchloride  in  a  test-tube 
full  of  water  is  easily  detected.  Filtering  paper,  containing  not 
more  than  two  or  three-tenths  per  cent,  of  ash,  which  is  scarcely 
coloured  by  the  iron  it  contains,  becomes  of  a  light  reddish- 
brow^r  tint  when  a  hot  solution  of  apiine  is  passed  through  it. 

Apiine  gives  no  precipitate  mth  solutions  of  chloride  of  barium, 
acetate  of  lead,  nitrate  of  silver  and  ammonio-nitrate  of  silver. 
A  flocculent  yellow  precipitate  occurs  with  solution  of  basic  ace- 
tate of  lead.  Solution  of  chloride  of  barium,  to  which  ammonia 
has  been  added,  also  gives  a  yellow  precipitate. 

Andersonian  University  LaboratoiT, 
Glasgow,  19th  Dec.  1850. 


XXX.    On  Laplace's   Theory  of  Sound.      By  William  John 
Macquorn  Rankine,  C.E.,  F.R.S.E.,  F.R.S.S.A.  .^-c* 

WITHOUT  for  the  present  attempting  to  criticise  Professor 
Potter's  theory  of  the  propagation  of  soimd  in  air  (Phi- 
losophical Magazine,  February  1851),  I  beg  leave  to  ofier  a  few 
remarks  on  a  passage  in  which  it  appears  to  me  that  he  has  (of 
course  unintentionally)  done  injustice  to  Laplace,  and  to  those 
who  have  adopted  the  views  of  that  mathematician. 
The  passage  to  which  I  refer  is  the  following : — 

" Laplace  ....  maintained  that  the  sensible  heat 

*  Commuuicated  by  the  Author. 
Phil.  Mag.  S.  4.  Vol.  1 .  No.  3.  March  185 1 .  Q 
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developed  in  the  sudden  condensation  of  air  was  sufl&cient  to 
account  for  it/'  [The  excess  of  the  actual  velocity  of  sound 
above  its  value  as  calculated  by  Newton.]  "The  explanation  of 
Laplace  has  been  held  to  be  untenable  by  many  eminent  mathe- 
maticians and  physicists ;  for  it  is  correctly  argued,  that  a  wave 
of  sound  wdl  commence  with  a  rarefaction  as  often  as  with  a 
condensation,  and  that  on  one  side  of  a  nodal  line  on  a  bell  or 
vibrating  plate,  the  wave  commences  with  a  rarefaction,  whde 
on  the  other  side  it  commences  with  a  condensation ;  so  that  La- 
place's reasoning  2Vould  have  been  equally  available  if  the  velocity 
of  sound  in  air  had  proved  one-sixth  less  than  the  theoretical  velocity, 
instead  of  one-sixth  more,  by  considering  the  cold  produced  by  rare- 
faction." 

I  have  caused  a  portion  of  the  above  quotation  to  be  printed 
in  italics,  in  order  to  indicate  it  as  involving  a  representation  of 
the  theoiy  of  Laplace,  to  which  every  one  must  object  who  has 
read  and  understood  his  investigation  of  the  question,  or  that  of 
Poisson,  which  is  substantially  the  same. 

The  impression  naturally  produced  by  the  statement  of  Pro- 
fessor Potter  is,  that,  according  to  the  theory  of  Laplace,  the 
heat  developed  by  a  wave  of  compression  in  air  accelerates  its 
transmission,  in  the  same  manner  as  if  the  whole  mass  of  aii* 
were  heated  by  some  external  cause  ;  so  that  a  wave  of  dilatation, 
cooling  the  air  in  a  similar  manner,  must,  according  to  the  theoiy, 
be  retarded. 

Were  this  the  nature  of  Laplace's  theorj^,  it  could  not  stand 
for  a  moment ;  for  as  every  wave  must  consist  of  a  compressed 
and  a  dilated  part,  the  different  parts  of  a  wave  would  travel  with 
different  velocities. 

But  there  can  scarcely  be  a  greater  misconception  of  Laplace's 
views.  His  investigation  starts  from  the  principle,  known  to  be 
a  fact,  that  when  the  density  of  a  gas  is  changed,  whether  by 
compression  or  dilatation,  its  temperature  changes  also,  and  it 
does  not  assume  a  pressure  proportional  to  the  new  density  until 
it  has  had  time  to  recover  its  original  temperatui'e.  The  mo- 
mentary variation  of  temperature  being  in  the  same  dii'cction 
with  the  variation  of  density,  the  momentary  variation  of  pres- 
sure, whether  positive  or  negative,  is  larger  as  compared  with 
the  original  pressure  than  the  variation  of  density  as  compared 
with  the  original  density ;  and  this  in  a  ratio  which  we  may  call 
7,  and  whose  value  for  atmospheric  air  is  about  1'4. 

Now  the  velocity  with  which  a  disturbance  of  density  is  pro- 
pagated is  proportional  to  the  square  root,  not  of  the  total  pres- 
sure divided  by  the  total  density,  but  of  the  variation  of  pressure 
divided  by  the  variation  of  density.  It  is  therefore  greater  than 
the  result  of  Newton's  calculation  in  the  ratio  Vy  :  1 ;  and  this 
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whether  the  distui'bance  is  a  condensation  or  a  dilatation,  or 
compounded  of  both. 

To  express  these  principles  s}Tubolically,  let  p  be  the  original 
density,  t  the  original  temperature,  measiu-ed  from  a  point  274^'6 
Centigrade  below  the  temperatui'e  of  melting  ice  for  a  perfect 
gas,  and  273^  for  air  in  its  ordinaiy  state ;  let  p  be  the  original 
pressTU-e,  and  let  Sp,  St,  hp  be  momentary  small  variations  of 
those  quantities.     Then 

T  p 

Sp      Sp       8t         8p 
P  ~  p        T  ~^'  p' 
and  the  velocity  of  propagation 

This  is  the  theory^  of  Laplace  and  Poisson  as  to  the  propaga- 
tion of  sound  in  gases.  I  cannot  help  believing  that  the  objec- 
tions urged  against  it  have  arisen  chiefly  from  its  having  been 
misunderstood. 

London,  Februan^  1851. 

XXXI.  Deductions  from  Mr.  Glaisher's  "  Meteorological  Cor- 
rections."    By  S.  M.  Drach,  Esq.,  F.R.A.S.,  B.M.S.  i^c* 

THESE  empirical  tables  strikingly  confinn  my  investigations 
in  the  Philosophical  Magazine  for  June  and  July  1842, 
wherein  I  showed,  that  if  the  temperatui-e,  &c.  for  any  time  t 
from  the  epoch  be  put  equal  to 

H  +  A  sin  /  -f  <?  cos  /  +  B  sin  2^  +  6  cos  2^  +  C  sin  3^  +  c  cos  3t 
-H  E  sin  4#  +  e  cos  4t, 
that  the  average  of  four  readings  respectively  a  quarter  day  apart 
would  give  the  mean  =H +E  sin4/  +  ecos4/,  a  nearly  constant 
quantity  if  E  and  e  be  small.  The  second  paper  illustrated  this 
conclusion  by  Sir  D.  Brewster's  Leith  obsenations  (Edin.  Phil. 
Trans.,  vol.  x.),  and  the  annexed  tabular  Greenwich  results  cor- 
roborate it. 

Thus  the  diurnal  average  temperature,  &c.  may  be  confidently 
deduced  from  the  mean  of  four  equidistant  obsenations,  whatever 
be  the  commencing  hour ;  and  thus  one  observer  recording  the 
instrument  at  5  and  11  a.m.,  5  and  11  p.si.,  ^-ill  deduce  the 
mean  more  accm-ately  than  at  any  fancy  hours ;  all  factors  of 
latitude  and  solar  declination  in  the  quantities  A,  a,  Sec.  being 
ehminated.  For  mountain-height  detenninations  these  remarks 
are  of  some  value. 

*  Commimicated  by  the  Author. 
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230  Deductions  from  Mr.  Glaishei^'s  "  Meteorological  Corrections." 

It  also  appears  that  the  mean  of  Mr.  Glaishei-^s  24-hour  cor- 
rections, instead  of  being  zero,  is  a  variable  quantity.  For  if 
hourly  observations  be  made  and  the  mean  taken,  this  would  give 
the  mean  daily  temperature ;  but  if  the  former  were  corrected 
singhj,  there  would  result  a  mean  daily  temperature  differing 
from  the  other  by  the  last  line  in  my  results.  The  diurnal  for- 
mulae may  comprehend  M  sin  nt-\-m  cos  nt,  wherein  n  =  5,  7,  &c., 
or  any  number  not  an  aliquot  part  of  24  (hours). 

The  mean  temperature  interval  (Glaisher,  p.  9)  is  for — 


Jan.  10     0 

April  10  20 

July  12     5 

Oct.  10     0 

Feb.     9  10 

May  11     5 

Aug.  11     0 

Nov.    9  20 

Mar.  10  10 

June  12     0 

Sept.  10  25 

Dec.     9  20 

Ai'e  these  reducible  to  a  formula  dependent  on  the  sun's  semi- 
dim'nal  arc  ? 

For  the  barometer,  the  mean  epochs  of  the  midday  and  morn- 
ins:  means  are — 


h        m 

h      m 

h        m 

ti        m 

December      0  45  p.m. 

7  40a.m. 

Apr. +  Aug.l  25p.m. 

7  18a.m 

Jan.  +N0V.O  10 

8  10 

May  +  July  1  20 

6  33 

Feb.  +Oct.  1  25 

7  55 

June    1  40 

4  20 

Mar.  +  Sept.  1  25 

7  32 

Mean  of  all  1  12 

7  18 

For  the  midday  mean  the  above  sums  are  pretty  nearly  con- 
stant, excluding  Jan.  +  Nov.  The  morning  means  indicate  a 
regidar  progression,  December  excepted. 

Table  VII.  is  nearly  1*9  cos—  (time  from  summer  solstice, 

year  =360°). 

A  strict  mathematical  investigation  would  render  it  desirable 
to  give  each  monthly  mean  a  weight  corresponding  to  the  actual 
number  of  observations;  there  being  26  or  27  observing  days  in 
January,  24  or  25  in  February,  &c. ;  and  to  take  the  averages  of 
fom*  years,  when  the  smi  retm-ns  to  about  the  same  point  on  the 
same  day.  The  difference  of  declination  of  the  odd  6  hours  in 
a  common  year  at  the  equinoxes  (0°  6')  represents  3  or  4  days 
at  the  solstices ;  hence  comparative  weekly  averages  would  be 
most  serviceable,  the  average  solar  position  corresponding  to  the 
declination  on  the  Wednesday  nights. 

Mr.  Glaisher's  '  SequeP  (Phil.  Trans,  part  2,  1850)  gives  the 
results  for  79  years,  fortunately  including  4x18  and  4x19 
years ;  i,  e.  a  bissextile,  apogeic,  and  nodal  cycles  of  the  moon 
for  detecting  her  thermometrical  inlluence  if  an)T\'ise  appreciable. 

I  conclude  with  repeating  the  suggestion,  that  an  observer, 
proAided  with  moderately  good  instruments,  and  observing  them 
at  the  convenient  hours  of  5,  11,  5,  11,  generally  equidistant 
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from  the  mean  and  extreme  epochs,  would  produce  a  faithful 
record  of  the  mean  diurnal  state  in  any  part  of  the  globe.  He 
could  also  thus  ascertain  the  mean  daily  state  at  sea  by  observing 
at  5,  11,  5,  11,  which  might  without  much  error  be  "refen-ed  to 
the  ship^s  place  midway  between  8  a.m.  and  8  p.m.,  or  at  the 
place  about  2  p.m.  If,  moreover,  observations  were  taken  at 
6,  0,  6,  12,  the  horary  velocity  of  increase  or  decrease  would  be 
ascertainable ;  and  fi-om  a  nimiber  of  records  of  this  nature  we 
might  eventually  find  the  theoretical  fonnulfe  for  geographical 
position  and  season  of  the  year  in  the  open  sea,  where  local  in- 
fluences nearly  vanish,  and  general  laws  are  therefore  sooner  per- 
ceptible. 

23  Walpole  Street,  Chelsea, 
January  7,  1851. 


XXXII.   On  the  Principles  of  Hydrodynamics  :  with  a  Reply  to 
the  Arguments  o/ Professor  Stokes.     By  the  Rev.  J.  Challis^ 
M.A.,  F.R.S.,  F.R.A.S.,  Plumian  Prof essor  of  Astronomy  and 
Experimental  Philosophy  in  the  University  of  Cambridge. 
[Continued  from  p.  38.] 

BY  the  previous  discussion  it  appeared,  that  in  three  instances 
in  which  the  two  ordinary  general  equations  of  hydi-odyna- 
mics  were  used  in  the  ordinaiy  way,  contradictory  results  were 
arrived  at,  which  showed  that  a  logical  fault  had  been  committed. 
I  proceed  now  to  point  out  the  reason  of  these  contradictions,  and 
the  coiu'se  which  the  investigation  ought  to  have  taken. 

The  principles  maintained  in  the  following  argument  may  be 
thus  expressed  in  general  terms  : — 

(1.)  When  a  mass  of  fluid  is  disturbed  in  any  manner,  the 
motion  at  any  point  depends  both  on  the  immediate  action  of  the 
distm'biug  cause  on  the  fluid,  and  on  the  action  of  the  parts  of 
the  fluid  on  each  other, 

(2.)  The  law  of  the  latter  action  is  independent  of  the  mode 
of  disturbance,  and  must  be  ascertained  previous  to  the  conside- 
ration of  particular  cases  of  motion. 

(3.)  To  ascertain  the  law  of  the  mutual  action  of  the  parts  of 
a  fluid  on  each  other,  the  new  general  equation  (3.),  investigated 
in  Proposition  YI.,  is  necessaiy. 

According  to  these  views,  the  right  coui'se  will  be  to  endeavour 
to  deduce  fi-om  the  general  equations  the  mode  of  action  of  the 
parts  of  the  fluid  on  each  other,  prior  to  the  appHcation  of  the 
same  equations  to  particular  cases  of  motion. 

In  commencing  this  inquiiy,  I  remark,  fii'st,  that  since  \{d-^) 
=i(dx  +  vdy  +  ivdz,  the  right-hand  side  of  this  equahty  is  an 
exact  differential  if  X,  be  a  function  of  i/r  and  t.     This  analytical 
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circumstance,  if  it  admits  of  interpretation  with  regard  to  the 
motion  independently  of  the  consideration  of  particular  instances 
of  motion,  must  refer  to  the  mode  of  action  of  the  parts  of  the 
fluid  on  each  other.  I  proceed,  therefore,  to  use  equation  (3.) 
in  the  solution  of  the  following  problem. 

Projwsition  VII.  Assuming  A,  to  be  a  function  of  -^^  and  t,  to 
determine  whether  this  supposition  corresponds  to  any  general 
circumstance  of  the  motion. 

Let  -J-  represent  the  ratio  of  the  increment  data  tempore  of 

the  function  ^^r  to  the  corresponding  increment  dsoi  a  line  drawn 
constantly  in  the  direction  of  the  motion  of  the  particles  through 
which  it  passes,  and  termmating  at  the  point  xyz.  Also,  let 
V  =  the  velocity  at  that  point  at  the  given  time.  Then,  since 
generally, 

we  have 


Hence 


d-y\r 
ds 

dy^r 
~d^ 

dx 

d^ 
dy 

dy       dyfr 
ds        dz 

dz 
'ds 

__dy^ 
dx 

u 

d-^ 
dy 

Y  + 

dy^ 
dz' 

w 

T 

u~  +  r)^  + 10^ 

V 

V=X^. 

But  the  general  equation  (3.),  viz. 


becomes  by  multiplying  by  X, 

Hence,  substituting  the  foregoing  value  of  V, 

f+-f+xW  =  0 (6.) 

As  X  is  by  hypothesis  a  function  of  yjr  and  t,  and  as  this  equa- 
tion is  consequently  a  partial  differential  equation  of  the  flrst 
order  between  -v/r,  5  and  t,  it  follows  that  yjr  is  an  arbitrary  func- 
tion of  s  and  f.  Hence  by  the  deflnition  of  the  function  i/r,  the 
general  equation  of  the  surfaces  cutting  at  right  angles  the  dii-ec- 
tions  of  motion  is 

^(.9, /)=0. 
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This  result  shows  that  the  value  of  s  does  not  change  in  pass- 
ing from  one  point  to  another  of  a  given  surface  of  displacement 
at  a  given  time.  Hence  if  A  and  B  be  any  two  points,  either  at 
a  finite,  or  indefinitely  small  distance  from  each  other,  on  one  of 
a  series  of  sui-faces  of  dis])lacenient  of  which  the  lines  s  are  ortho- 
gonal trajectories,  then  the  trajectories  terminating  at  A  and  B 
are  equal  to  each  other.  So  also  the  parts  of  the  same  two  tra- 
jectories terminating  at  the  points  a  and  h  of  another  siuiace  of 
displacement  are  equal  to  each  other.  Consequently  the  parts 
Ac  and  B6  between  the  two  suifaces  are  equal.  Now  this  cannot 
be  the  case  for  any  two  points  A  and  B  unless  the  surfaces  be 
parallel  and  the  trajectories  be  rectilinear.  Consequently  the 
lines  s  draA^Ti  in  the  direction  of  the  motion  are  at  each  instant 
rectilinear. 

We  have  thus  arrived  at  a  particular  cii'cumstance  of  the 
motion  by  assuming  udx  +  vdy  +  irdz  to  be  integi'able  indepen- 
dently of  the  natiu-e  of  the  disturbance.  But  the  ciix-umstances 
of  the  motion,  which  are  independent  of  the  disturbance,  relate 
to  the  mode  of  action  of  the  parts  of  the  fluid  on  each  other. 
We  may  therefore  conclude,  that  the  parts  of  the  fluid  act  upon 
each  other  in  such  a  manner  that  the  orthogonal  trajectories  of 
the  siu'faces  of  displacement  are  either  instantaneously  or  per- 
manently straight  lines,  if  that  action  be  such  as  to  satisfy  the 
condition  of  making  ud:c  +  vdy  +  wdz  intecjrahle.  But  we  have  no 
right  to  say  that  the  mutual  action  of  the  parts  of  the  fluid  on 
each  other  always  satisfies  that  condition. 

To  carry  on  the  investigation  of  the  law  of  the  motion,  so  far 
as  the  motion  is  independent  of  the  nature  of  the  disturbance,  it 
will  next  be  required  to  solve  the  following  problem. 

Proposition  YIII.  To  obtain  a  general  equation  which  shall 
express  at  once  that  the  motion  is  consistent  vath  the  principle 
of  constancy  of  mass,  and  that  the  directions  of  molion  are  nor- 
mals to  continuous  surfaces. 

This  may  be  done  in  two  ways ;  either  by  independent  ele- 
mentaiT  considerations,  or  by  means  of  the  formulae  already  ob- 
tained, which,  being  perfectly  general,  ought  to  suffice  for  this 
pui-pose.  For  the  sake  of  illustration  I  shall  first  make  use  of 
the  foiTuer  method. 

Conceive  two  surfaces  of  displacement  to  be  drawn  at  a  given 
instant  indefinitely  near  each  other,  and  so  that  one  of  them 
passes  through  a  point  P  given  in  position.  On  this  sm-face 
describe  an  indefinitely  small  rectangular  area  having  P  at  its 
centre,  and  haring  its  sides  in  planes  of  greatest  and  least  cur- 
vature. Draw  normals  to  the  surface  at  the  angular  points  of 
the  area,  and  produce  them  to  meet  the  other  sm-face  of  displace- 
ment.    By  the  property  of  continuous  curve  surfaces  these  nor- 
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mals  will  meet  two  and  two  in  two  focal  lines,  situated  in  planes 
of  greatest  and  least  curvature,  and  cutting  the  normals  at  right 
angles.  Let  the  small  area  of  which  P  is  the  centre  be  m^,  and 
let  r,  r'  be  the  distances  of  the  focal  lines  from  P.  Then  if  hr 
be  the  given  small  interval  between  the  surfaces,  the  area  on  the 
other  surface  formed  by  joining  the  points  of  its  intersection  by 
the  normals,  is  ultimately 

{r-\-hr){r'-\-hr) 


7n^ 


.^.J 


But  as  the  direction  of  motion  through  P  is  in  general  continu- 
ally changing,  the  position  of  the  surface  of  displacement  through 
that  point  will  vary  with  the  time.  Hence  the  positions  of  the 
focal  lines  and  the  magnitudes  of  ;•  and  ?•'  will  change  continually, 
whilst  the  area  m-  may  be  supposed  to  remain  the  same.  Let  r 
and  ?•'  represent  the  values  of  the  principal  radii  of  cui-vature  at 
the  time  t,  and  let  «  and  /3  be  the  velocities  of  the  focal  lines 
resolved  in  the  direction  of  the  radii  of  curvature,  and  considered 
positive  when  the  motion  is  towards  P.  Then  at  the  time  t-\-ht 
the  values  r  and  r'  become  r  —  aht  and  /  — /3S^,  and  the  elemen- 
tary area  on  the  second  surface  is 


rn'^ 


-.2 


(,._aS/)(,J_^8/) 

which,  by  omitting  quantities  of  an  order  that  may  be  neglected, 
is  equal  to 

Hence  by  rejecting  small  quantities  of  the  second  order,  a  and 
/3  disappear,  and  the  result  is  the  same  as  if  the  position  of  the 
focal  lines  had  been  supposed  iixed.  If  therefore  V  and  p  be 
the  velocity  and  density  of  the  Huid  which  passes  the  area  m^, 
and  y  and  p'  be  the  velocity  and  density  of  the  fluid  which 
simultaneously  passes  the  other  area,  and  if  these  quantities  be 
supposed  constant  during  the  small  interval  ht,  which  is  allowable, 
the  increment  of  matter  between  the  two  areas  in  that  interval  is 

And  this  quantity  must  be  equal  to  fn^-jy  ^i  Sr.     Hence 

or 
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It  may  be  remarked,  that  this  equation  rests  on  the  principle 
of  constancy  of  mass,  and  on  the  axiom  that  the  directions  of 
motion  are  normals  to  continuous  surfaces ;  but  on  account  of 
the  disappearance  of  a  and  /3  in  the  investigation,  it  does  not 
involve  the  same  consideration  of  continuity  as  that  which  con- 
ducted to  equation  (3.). 

The  other  mode  of  investigating  equation  (7.)  is  given  by 
Professor  Tardy  in  the  Number  of  the  Philosophical  Magazine 
for  March  1850,  p.  173.  It  will  only  be  necessary  to  exhibit 
here  so  much  of  the  process  as  will  convey  an  idea  of  the  prin- 
ciple of  the  reasoning.     The  equation 

d-y^ 
dx 
gives  by  diflPerentiating  with  respect  to  x, 
du  _    d'^yjr       dx   dyfr 
dx         dx^        dx    dx' 
Putting,  for  the  sake  of  brevity, 

dr.d^dj^ 
dx''  "^  rf/  +  ^^2  -^> 
we  have 

and  thence  by  differentiating, 

dV  dyjr  d^-\lr  d-\fr  d^^fr        di^  d^yjr 

dx  _  dx Y    dx  dx-  dy    dy'        dz   dz' 

Tx~^  W  • 

Hence,  substituting  for  X  and  -7-  in  the  above  expression  for  -7-^ 
and  observing  that  -~  =  -r^,  the  result  is 


c&  "■  V  dx'^  "^ 


\ 


r     j^2^_^^       ^ 


du       u  dY       V  da^        dx^  dx^ 


d'xjr  dyfr  d^-^        d^jr  dyjr  d^yjr 


dx  dy  dxdy  dx  dz  dxdz 
By  obtaining  analogous  expressions  for  -j-  and  -r,  adding  the 
three  together,  and  having  regard  to  the  knowm  expression  for 
—  -\ — ^  in  terms  of  partial  differential  coefficients  of  1^,  and  to 
the  equahty 

ds~  dx'^I  ^  dy'N'^  dz'  Y' 
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there  results 

du         dv        div  __  d\      XT  (^  _l   ^\ 
dx        dy        dz         ds  '\r        r^/' 

Hence  equation  (7.)  readily  follows  by  means  of  equation  (2.). 

This  demonstration  has  not  required  the  use  of  equation  (3.). 
It  must,  however,  be  observed,  that  we  should  not  have  been 
justified  in  reasoning  with  the  unknown  function  \,  unless  that 
equation  had  shown  it  to  be  a  discoverable  quantity ;  nor  could 
we  have  concluded  from  the  above  demonstration  (what  is  evi- 
dent from  the  other  demonstration),  that  the  equation  (7.)  is 
perfectly  general,  if  the  general  equation  (3.)  had  not  been  pre- 
viously demonstrated. 

The  propositions  hitherto  proved  apply  both  to  compressible 
and  incompressible  fluids.  Let  us  now  suppose  the  fluid  to  be 
incompressible.  Then  since  p  is  constant,  the  equation  (2.) 
becomes 

du      dv       dw  _  ,_ , 

dx      dy       dz 
Hence  equation  (7.)  becomes 

f-vCn-^)- («■) 

We  are  now  prepared  to  solve  the  following  problem. 

Proposition  IX.  It  is  required  to  determine  the  law  of  action 
of  the  parts  of  an  incompressible  fluid  on  each  other. 

By  the  proof  of  Prop.  YII.  it  appeared,  after  satisfying  the 
condition  of  integrability  of  udx  -f  vdy  +  wdz  independently  of 
any  particular  case  of  motion,  that  the  orthogonal  trajectories  of 
the  sui'faces  of  displacement  "were  at  each  instant  straight  lines. 
Let  us  therefore,  in  accordance  with  this  result,  substitute  dr  for 
ds  in  the  equation  (9.),  and  integrate  along  the  trajectory.  We 
shall  thus  obtain 

V=f^ (10.) 

Hence  the  velocity  at  any  point  of  the  trajectoiy  is  given,  if  the 
velocity  and  radii  of  cuiTature  of  the  surface  of  displacement  at 
a  given  point  of  it  be  given.  We  have  thus  arrived  at  a  definite  law 
of  variation  of  the  velocity  prior  to  the  consideration  of  any  case 
of  disturbance,  and  may  therefore  conclude  that  equation  (10.) 
expresses  the  law  of  action  of  the  parts  of  an  incompressible  fluid 
on  each  other. 

If  it  be  objected  to  this  reasoning  that  it  depends  on  the  gra- 
tuitous assumption  that  \  is  a  function  of  -\|r  and  t,  I  answer  that 
the  assumption,  having  no  reference  to  any  arbitrary  case  of  dis- 
turbance, is  precisely  of  the  kind  that  the  nature  of  the  inves- 
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tigation  requires ;  that  it  is  justified  by  conducting  to  a  value  of 
V,  which  clearly  makes  udx  +  vdij  +  icdz  iutegrable ;  that  it  is  also 
justified  by  conducting  to  a  definite  and  unique  law  of  action  of 
the  parts  of  the  fluid  on  each  other,  for  such,  it  may  be  presumed 
a  priori,  the  law  of  that  action  must  be. 

I  propose  now  to  exemplify  the  use  of  equation  (10.)  in  a  few 
simple  instances. 

Example  I.  Let  the  arbitrary  disturbance  be  a  function  of  the 
distance  from  a  fixed  centre :  it  is  required  to  determine  the 
motion,  the  fluid  being  of  indefinite  extent. 

Let  R  be  the  distance  at  which  the  disturbance  takes  place, 
and  let  the  arbitraiy  velocity  Yj  at  that  distance  be  a  function  of 
the  time;  then  since  for  this  case  r=?-',  we  have 

_m 

'-  R^ 
and 

This  is  the  same  result  that  would  have  been  obtained  by  merely 
using  the  equation  (8.),  and  supposing  the  velocity  to  be  a  func- 
tion of  the  distance  from  a  centre.  Although  that  com-se,  ac- 
cording to  the  argument  here  maintained,  would  be  incorrect,  it 
happens  in  this  instance  to  lead  to  no  contradiction  like  that 
which  was  pointed  out  (p.  36)  in  the  analogous  problem  for  a 
compressible  fluid. 

Example  IL  Suppose  a  smooth  sphere  of  given  radius  to  move 
with  its  centre  on  a  fixed  straight  line  in  a  given  manner  in  fluid 
of  indefinite  extent ;  required  the  motion  of  the  fluid. 

The  sphere  being  smooth,  impresses  velocities  on  the  fluid  only 
in  directions  pei-pendicular  to  its  surface.  The  velocity  at  any 
point  not  on  the  sui-face  is  derived  from  the  velocity  at  the  sur- 
face solely  by  the  action  of  the  parts  of  the  fluid  on  each  other. 
Hence,  according  to  the  general  results  already  obtained,  the 
orthogonal  trajectories  of  the  siu'faces  of  displacement  are  at  each 
instant  straight  lines,  being  in  fact  the  prolongations  of  the  radii 
of  the  sphere,  and  the  velocity  on  any  one  of  these  lines  varies 
inversely  as  the  square  of  the  distance  from  the  centre  of  the 
sphere.  Also  the  surfaces  of  displacement  are  concenti-ic  sphe- 
rical surfaces,  of  which  the  centre  of  the  sphere  is  the  common 
centre.  The  motion  is  thus  completely  determined.  It  remains 
to  show  that  this  motion  satisfies  the  equations  (8.)  and  (3.). 

Let  R  be  the  radius  of  the  sphere,  a  the  distance  of  the  centre 
from  a  fixed  point  in  the  line  of  the  motion,  and  Vj  the  velocity 
of  the  centre.  Then  if  that  point  be  the  origin  of  rectangular 
coordinates,  and  the  line  of  motion  of  the  centre  of  the  sphere 
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be  the  axis  of  x,  we  have  for  the  components  of  the  velocity  at 
anv  distance  r  from  the  centre, 

These  values  will  be  found  to  satisfy  the  equation  (8.),  r^  being 
equal  to  (a-— a)^+y^  +  ^^^. 

Again,  the  general  equation  of  the  surfaces  of  displacement  is 

{x—cif-\-y'^-{  z^  =  a^, 

a  and  a  being  constant  in  passing  from  one  point  to  another  of 
a  given  surface  at  a  given  time.     Hence 

'^^[x-oif  +  y^  +  z^-a'. 

But  we  have  already  proved  (p.  34)  that  the  function  y^t  has  not 
generally  the  same  value  for  different  elements.  Hence  a  and  a 
must  be  considered  fimctions  of  /  depending  on  the  position  of 
a  given  element.     Thus  we  have 

—  _.(^     «)      ^^-.y       ^^   -... 

And  because  uz=\  -^,  it  follows  that 
ax 

Since  a  particle  in  contact  '^^^lth  the  sphere  remains  in  contact  in 
successive  instants,  we  have  for  such  a  particle 


(D-^-Ci^)'^- 


Also,  as  the  velocity  at  the  distance  a,  in  any  radius  of  the  sphere 
produced,  is  to  the  velocity  at  the  point  of  intersection  of  the 
sphere  by  the  radius  as  R'^  is  to  a^,  it  is  clear  that  the  motion  of 
any  element  at  the  surface  of  displacement  whose  radius  is  a  is 
the  same  as  if  a  solid  sphere  of  that  radius  moved  foi-ward  with 

R^ 

the  velocity  Yj .  -^.    Hence  we  have,  generally. 

Consequently 

These  values  of  the  partial  differential  coefficients  of  i/r  and  the 
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value  of  \  will  be  found  to  satisfy  equation  (3.),  supposing  the 
arbitraiy  quantity  %(?)  to  be  zero. 

Example  III.  Let  the  motion  be  parallel  to  the  plane  of  xy, 
andj  as  in  the  example  of  page  37,  let  u  =  )nx  and  v=  — my. 

These  values  of  u  and  v  were  obtained  (p.  37)  by  integrating 
the  equation 

du       d^  _(\ 
dx       dy        ' 

on  the  supposition  that  udx  -\-  vdy  is  an  exact  diflPerential,  and 
then  giving  particular  forms  to  the  arbitraiy  functions  contained 
in  the  integral.  This  is  equivalent  to  assuming  that  the  motion 
is  of  a  certain  kind  consistent  with  the  principle  of  constancy  of 
mass ;  and  the  problem  for  solution  is,  to  detennine  under  what 
circumstances  such  motion  can  be  produced.  It  may  be  readily 
shown  that  the  surfaces  of  displacement  in  this  case  are  cyhn- 
drical  surfaces,  of  which  the  general  equation  is  x'^—y'^=a^;  and 
that  their  orthogonal  trajectories  are  rectangular  hyperbolas,  of 
which  the  general  equation  is  xy  =  c^. 

Assuming,  for  the  reasons  given  in  the  preceding  example, 
that  a^  is  a  certain  function  (T)  of  the  time  depending  on  the 
position  of  a  given  element,  we  have 

-^^x^-y^-T 

d±_      ^     d-f  dylr_ 

dt  ~  dt  dx  ~     dy  ~  '^y' 

and  since  u=mx=X-j^,  X=  ^.  Hence  the  equation  (3.)  be- 
comes 

dT 

--+2m{x'  +  y^)+X{t)=0.  .     .     .     (11.) 

The  equation  which  gives  the  pressure  is 

Hence  by  combining  these  two  equations, 

,,  ,      ?«/    ,  ,      dT\ 

This  result  gets  rid  of  the  contradiction  arrived  at  in  p.  38.     It 

dT  .     . 
also  shows,  since  -t-  is  given  for  each  position  of  a  given  element, 

that  the  pressure  at  each  position  depends  on  arbitrary  quantities. 

Again,  since  this  is  a  case  of  steady  motion,  c^  will  be  constant 

for  a  given  element  in  the  equation  xy  =  c~.     Hence  the  values 

of  X  and  y  deduced  from  the  combination  of  this  equation  with 
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the  equation  (11.)  are  the  coordinates  of  the  position  of  the  ele- 
ment for  a  given  value  of  ^.     By  substituting  these  values  in 

the  expressions  for  u  and  ??,  it  will  appear  that  the  velocity  of  a 
given  element  in  each  position  is  a  function  of  arbitrary  quan- 
tities. Hence  this  is  a  case  of  constrained  motion,  the  law  of  the 
action  of  the  parts  of  the  fluid  on  each  other  not  coming  imdcr 
consideration.  The  fluid  may  be  conceived  to  be  compelled  to 
move  between  two  vertical  cylindrical  surfaces  indefinitely  near 
each  other,  the  equations  of  which  are  xy=-c'^  and  .r?/=(c  +  8c)^, 
the  impressions  at  the  vertical  boundaries  of  the  fluid  being  given. 
Or,  it  may  be  conceived  to  move  between  a  series  of  such  sur- 
faces ;  in  which  case,  if  the  pressures  at  opposite  points  of  the 
separating  surfaces  be  made  equal  by  properly  adjusting  the 
disturbances,  the  surfaces  may  be  removed  without  aflecting  the 
motion ;  and  we  shall  thus  have  the  ease  of  a  mass  of  fluid,  im- 
pressed in  a  known  manner  so  that  the  resulting  motion  at  any 
point  is  given  by  the  equations  ii  =  mx,  v  =  —  my. 

In  the  next  communication  I  propose  to  apply  to  compressible 
fluids  considerations  analogous  to  those  which  have  here  been 
given  to  incompressible. 

Cambridge  Obsenatory, 
January  13,  1851. 

[To  be  continued.] 


The  Ai*ticle  by  Professor  Stokes  in  the  last  Number  of  the 
Philosophical  Magazine  requires  from  me  a  few  words  of  no- 
tice. I  am  quite  willing  to  enter  upon  a  discussion  of  any  of 
the  new  principles  or  propositions  in  hydrodynamics  of  which  I 
am  the  author,  and  I  approve  of  the  course  which  Professor  Stokes 
proposes  to  adopt,  viz.  to  notice  one  important  point  only  at  a 
time,  and  to  discontinue  the  discussion  if  it  be  found  impossible 
to  agree  on  a  question  of  vital  importance. 

Before  proceeding  to  the  consideration  of  the  two  arguments 
directed  against  my  second  axiom,  I  must  correct  a  misappre- 
hension into  which  Professor  Stokes  has  fallen,  probably  from 
want  of  explicitness  on  my  part,  with  respect  to  the  remark  I 
made  after  enunciating  the  axiom.  The  remark  is  unimportant, 
and  forms  no  part  of  my  argument.  I  meant  to  say,  that  a  col- 
lection of  indefinitely  small  discrete  atoms  may  move  so  that  the 
lines  of  motion  at  a  given  point  of  space  may  intersect  each  other 
at  finite  angles  of  inclination,  and  at  the  same  time  the  equation 
of  constancy  of  mass  be  satisfied,  but  that  the  condition  expressed 
by  the  axiom  excludes  such  motion.  It  was  not  my  intention  to 
assert,  that  in  eases  to  which  the  axiom  did  not  apply,  the  mo- 
tion could  only  belong  to  a  set  of  discrete  atoms. 
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The  "  first  arguraent "  is  merely  a  partievJar  instance  of  the 
second,  and  does  not  require  to  be  considered  separately. 

The  follo^A-ing  is  the  "  second  argument."  If  the  axiom  that 
"  the  directions  of  motion  in  each  element  of  the  fluid  mass  may 
at  all  times  be  cut  at  right  angles  by  a  continuous  surface,"  be 
admitted  to  be  of  general  application,  it  will  follow  that  the 
quantity  %id.v  +  vdy  +  tvdz  is  always  integrable,  either  of  itself  or 
by  a  factor.  But  on  combining  motion  for  which  that  quantity 
is  integrable  only  by  a  factor  with  a  motion  of  translation  of  the 
whole  mass,  so  that  the  components  of  the  resulting  motion  are 
u  +  a,  v  +  b,  IV +  c,  Prof.  Stokes  proves  that  {u  +  a)dv+ {v-'rb)dy 
+  {w  +  c)dz  is  not  integrable  by  a  factor,  and  thus  appears  to 
controvert  the  position  that  the  axiom  is  of  general  application. 
To  this  reasoning  an  answer  may  readily  be  given.  The  result 
is  arrived  at  by  introducing  a  motion  of  translation  of  the  whole 
mass,  which  is  precisely  the  kind  of  motion  which  it  is  unneces- 
saiT  to  include  in  the  liydrodynamical  equations.  The  motions 
we  are  concerned  with  in  hydrodynamics  alter  in  some  way  the 
pressure,  density,  or  mutual  distances  of  the  fluid  particles  ;  but 
a  motion  of  translation  has  no  such  eff"ect,  and  does  not  possess 
a  single  characteristic  in  common  ^^^th  the  motion  proper  to  a 
fluid.  In  the  expression  above,  the  terms  udx  +  vdy -\- icdz  have 
no  relation  whatever  to  the  tenns  adx  +  hdy  +  cd~ ;  and  it  is  in 
perfect  accordance  vrith  this  circumstance  (which  Professor  Stokes 
appears  to  have  entirely  overlooked),  that  the  sum  of  the  two  sets 
of  terms  does  not  admit  of  being  made  integrable  by  a  factor. 
On  account  of  the  motion  which  alters  the  density,  pressure,  or 
mutual  distances  of  the  fluid  particles  being  wholly  independent 
of  any  motion  of  translation  of  the  whole  mass,  it  is  a  prelimi- 
uaiy  step  in  any  hydi-odynamical  problem  to  get  rid  of  the  latter, 
which  may  always  be  done  either  by  conceiving  the  origin  of 
coordinates  to  partake  of  the  motion  of  translation,  or  by  im- 
pressing it  on  the  mass  in  a  direction  opposite  to  that  in  which 
it  takes  place.  The  residual  motion,  or  the  difference  between 
the  motions  of  the  particles  and  the  motion  of  the  origin  of  co- 
ordinates, is  all  mat  is  considered  in  hydi'odpiamics ;  and  if  the 
axiom  under  discussion  applies  to  this  motion,  it  possesses  the 
requisite  degi-ee  of  generality.  Its  not  applying  to  the  combi- 
nation of  a  motion  of  translation  with  the  motions  proper  to 
hydrodjTiamics,  is  only  a  proof  of  its  strictly  hych-odjmamical 
character.  For  these  i-easons  I  cannot  admit  that  there  is  any 
force  in  Professor  Stokes's  argument,  nor  can  I  attach  any  im- 
portance to  the  remark  by  which  it  is  followed. 

Cambridge  Obsenatory.. 
FebruaiT  4,  1851. 

Phil  Mag,  S.  4.  Vol.  1.  No.  3.  March  1851 .  R 


[     242     ] 
XXXIII.  Mineralogical  Notices. 

CARMINE  SPAR.       BY  F.  SANDBERGER. 
[Poggendorflf's  Annalen,  vol.  Ixxx.  p.  391. J 

THIS  mineral  accompanies  Beudantite  at  Horhausen;  it 
occurs  in  tufts  of  slender  needles,  or  in  spherical  masses 
with  a  radiated  structm-e;  its  ciystalline  form  could  not  be  de- 
termined. Colom-  camiine-redj  passing  into  brick-red;  it  is 
highly  translucent,  with  a  \itreous  lustre  inclining  to  pearly. 
It  is  brittle,  and  appears  to  possess  cleavages  parallel  w\ih  the 
faces  of  a  rhombic  prism.  Hardness  between  calcareous  spar 
and  rock  salt.  Heated  in  a  closed  tube  it  experiences  no  altera- 
tion. Before  the  blowpipe  it  fuses  readily  upon  charcoal  into  a 
gray  scoria,  diffusing  copious  arsenical  fiimes;  with  soda,  glo- 
bules of  lead  are  obtained;  and  mth  borax,  a  strong  reaction  of 
oxide  of  iron.  It  dissolves  readily  in  hydrochloric  and  nitric 
acids. 

The  author  was  not  able  to  obtain  a  quantity  sufficient  for  a 
quantitative  analysis;  but  his  experiments  appear  to  him  to 
prove  satisfactorily  that  the  mineral  is  composed  of  the  anhy- 
di'ous  arseniates  of  lead  and  iron. 


DECHENITE.       BY  DR.  C.  BERGEMANN. 

[Poggendorff's  Annalen,  vol.  Ixxx.  p.  393.] 

This  mineral  was  discovered  by  Dr.  Krantz  in  veins  of  a  lead 
ore  containing  galena,  carbonate  and  phosphate  of  lead,  at  Lau- 
terthal  in  Rhenish  Bavaria.  It  occurs  in  kidney-shaped  ciystal- 
line aggregations,  or  in  small  thin  and  cm-ved  plates.  It  was 
impossible  to  determine  its  ciystalline  fonu ;  there  are,  however, 
indications  of  cleavages  which  appear  to  belong  to  a  rhombohe- 
dron.  Its  colour  is  dark  red,  passing  sometimes  into  yellow ; 
in  powder  it  is  always  yellow.  It  is  translucent,  and  has  a  fatty 
lustre;  spec.  grav.  5*81;  hardness  scarcely  4,  equal  to  that  of 
phosphate  of  lead.  Before  the  blowpipe  it  fuses  readily  into  a 
yellowish  glass  without  decrepitation.  It  was  found,  on  analy- 
sing the  purest  specimens,  to  consist  solely  of  oxide  of  lead  and 
vanadic  acid  in  proportions  corresponding  to  the  simple  formula 
PbO,  VO^.  The  complete  absence  of  chloride  of  lead  distin- 
guishes it  from  all  the  compounds  of  vanadium  and  lead  hitherto 
analysed. 

The  analysis  was  made  by  dissolving  the  mineral  in  dilute 
nitric  acid,  which  is  easily  effected,  separating  the  lead  by  long 
digestion  with  sulphmic  acid  and  subsequent  addition  of  alcohol. 
The  sulphate  of  lead  proved  perfectly  free  from  vanadic  acid. 
The  sulphuric  solution  of  the  latter  constituent  was  evaporated 
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to  diyness  and  calcined ;  but  it  was  found,  contrary  to  the  state- 
ment of  Bevzelius,  that  the  whole  of  the  sulphuric  acid  could  not 
be  expelled  by  heat ;  it  was  therefore  separated  by  nitrate  of 
bar)i:a,  and  the  excess  of  bar5i:a  removed  by  a  little  ammonia 
and  carbonate  of  ammonia ;  the  filtered  liquid^  evaporated  and 
strongly  calcined,  left  pure  vanadic  acid,  which  was  weighed  as 
such,  the  author  finding  the  method  of  determining  its  weight 
from  that  of  the  hydi'ated  oxide  far  less  accui'ate. 

XXXIY.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

[Continued  from  p.  169.] 

December  5, 1850. — Lieut.-Col.  Sabine,  V.P.  &  Treas.,  in  the  Chair. 

A  PAPER  was  read,  entitled  "  Researches  into  the  Structure  of 
the  Spinal  Cord."  By  Jacob  Lockhart  Clarke,  Esq.  Commu- 
nicated by  Samuel  Solly,  Esq.,  F.R.S.     Received  October  15. 

The  author  having  undertaken  a  series  of  observations  with  the 
view  of  determining,  if  possible,  the  relations  which  appear  to  sub- 
sist between  the  spinal  nerves  and  the  respiratory  nervous  centres, 
was  led  into  a  more  extended  inquirj"^  than  he  at  first  contemplated, 
the  results  of  which  ai'e  communicated  in  this  paper.  After  stating 
that  the  observations  were  made,  by  means  of  a  microscope  of  the 
best  construction,  upon  many  thousand  preparations  of  the  spinal 
cord  of  Man,  of  the  Calf,  Sheep,  Pig,  Dog,  Cat,  Rabbit,  Guinea-pig 
and  Frog,  he  describes  the  methods  adopted  in  making  these  prepara- 
tions.    The  following  are  the  results  of  his  observations. 

At  the  lower  extremity  of  the  spinal  cord,  the  posterior  gray  sub- 
stance consists  of  a  single  mass,  formed  by  the  coalescence  of  the 
two  posterior  horns,  and  consequently  the  gelatinous  substance  ex- 
tends across  the  middle  line.  The  anterior  gray  substance,  however, 
is  divided  by  the  anterior  columns  into  two  distinct  horns,  which 
curve  inwards  and  taper  to  a  rounded  point.  The  spinal  canal  is 
large  and  nearer  the  antei'ior  surface  of  the  cord. 

The  nerve-vesicles  are  scattered  irregularly  through  the  gray  sub- 
stance. 

The  fibres  of  the  gray  substance  are  of  the  tubular  kind,  and  of 
small  average  diameter.  There  are  two  classes  with  regard  to  di- 
rection, transverse  and  longitudinal.  Of  the  transverse,  there  are 
two  orders,  the  antero-posterior  and  latero-transverse. 

The  antero-posterior  are  continuous  with  the  posterior  roots  of  the 
nerves,  and  probably  with  the  anterior  roots.  The  latero-transverse 
stretch  between  the  opposite  sides  of  the  gray  substance,  forming  its 
transverse  commissure. 

Longitudinal  Fibres. — Those  of  the  gelatinous  substance,  have  the 
characters  of  minute  tubular  fibres,  presenting  dark  outlines  and 
frequent  varicosities.  Their  average  diameter  is  the  \^Xh.  of  an 
inch.     They  have  no  nuclei  as  generally  stated,  and  have  no  resem- 
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blance  to  the  sympathetic  fibres  or  caudate  processes.  These  fibres 
are  found  through  the  rest  of  the  gray  substance,  but  in  smaller 
numbers ;  immediately  below  the  gelatinous  substance,  however, 
they  form  a  remarkably  dense  band. 

Changes  in  the  form  of  the  gray  substance  are  observed  on  ex- 
amining the  cord  from  below  upwards.  The  posterior  mass  is  gra- 
dually divided  into  two,  and  the  gelatinous  substance  is  interrupted 
in  the  middle  line.  Two  vesicular  masses  gradually  appear  at  the 
Bides  of  the  spinal  canal,  traversed  by  fibres  from  the  posterior 
nerves,  and  from  the  transverse  commissure.  The  anterior  horns 
also  undergo  certain  changes,  become  club-shaped  in  the  lumbar 
region,  and  contain  large  groups  of  caudate  vesicles.  In  the  middle 
of  the  dorsal  region  the  posterior  horns  have  again  coalesced,  and 
the  gelatinous  substance  again  crosses  the  middle  line.  The  ante- 
rior horns  are  straight  and  narrow,  and  their  vesicles  are  scattered 
through  them  irregularly.  In  the  cervical  enlargement  the  posterior 
gray  substance  has  become  again  divided  to  its  greatest  extent  into 
two  horns,  and  the  gelatinous  substance  is  again  interrupted  in  the 
middle.  The  two  vesicular  masses  from  the  sides  of  the  spinal  canal 
are  here,  as  in  the  lumbar  enlargement,  included  in  the  posterior 
horns.  Here  also,  and  in  the  lumbar  enlargement,  the  anterior  horns 
are  nearly  similar  in  appearance. 

The  nucleus  of  vesicular  substance,  in  which  the  spinal  accessory 
nerve  may  be  seen  to  arise,  has  been  traced  by  the  author  as  low 
down  in  the  cord  as  the  upper  part  of  the  lumbar  enlargement. 

The  grayish  structure  immediately  surrounding  the  spinal  canal, 
consists  chiefly  of  fibro-cellular  tissue,  and  is  not  to  be  regarded  as 
a  commissure,  as  maintained  by  Stilling  and  Foville.  The  spinal 
canal,  as  stated  by  the  former  observer,  extends  through  the  whole 
length  of  the  cord. 

The  vesicles  of  the  cord  are  found  chiefly  in  the  anterior  horns, 
as  usually  stated,  but  occur  also  in  the  dark  masses  situated  in  the 
dorsal  region  at  the  sides  of  the  spinal  canal ;  and  also  more  spa- 
ringly in  the  posterior  horns  as  far  as  the  gelatinous  substance.  The 
author  has  never  been  able  to  make  out  satisfactorily  in  mammalia, 
any  connection  between  the  nerve-vesicles  and  the  tubular  nerves, 
nor  between  the  latter  and  the  caudate  processes. 

The  blood-vessels  of  the  cord  enter  through  the  anterior  and  pos- 
terior median  fissures,  through  the  smaller  fissures  in  the  white 
columns,  and  at  the  roots  of  the  nerves.  They  form  a  beautiful  net- 
work of  loops  along  the  whole  periphery  of  the  gray  substance. 

Of  (he  White  Columns  of  the  Cord. — The  anterior  columns  have 
no  proper  transverse  commissural  fibres,  but  are  crossed  horizontally 
but  chiefly  obliquely,  by  tubular  nerve-fibres  and  blood-vessels, 
which  proceed  from  the  gray  substance  on  each  side  and  decussate 
in  front  of  the  spinal  canal :  nor  are  the  posterior  white  columns 
connected  by  any  commissural  fibres,  the  posterior  fissure  reaching 
down  to  the  gray  substance. 

Origin  of  the  Spinal  Nei'ves. — The  posterior  roots  are  attached 
exclusively  to  the  posterior  columns.     Their  fibrils   generally  are 
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finer  than  those  of  the  anterior  roots.  The  anterior  roots  are  at- 
tached to  the  anterior  parts  of  the  antero-lateral  columns,  which  they 
traverse  horizontally  in  straight  bundles,  till  they  reach  the  anterior 
horns,  in  which  they  break  up  and  form  a  complicated  network. 
The  author  has  not  yet  been  able  to  determine  whether  any  of  the 
fibres  of  the  spinal  nerves  ascend  with  the  longitudinal  white  columns. 

December  12. — Sir  Frederick  Pollock,  V.P.,  in  the  Chair. 

A  paper  was  read,  entitled,  "  On  the  Action  of  Nitric  Acid  on 
various  Vegetables,  with  a  more  particular  examination  of  Spa7-tium 
scopariutn,  Linn.,  or  Common  Broom."  By  John  Stenhouse,  Esq., 
F.R.S.     Received  November  18,  1S50. 

This  paper  is  a  continuation  of  a  series  of  investigations  intended 
to  elucidate  the  nature  of  vegetables  by  means  of  chemical  reagents. 
A  preceding  paper  contained  an  account  of  the  effects  produced 
by  the  action  of  sulphuric  and  hydrochloric  acids  on  the  matiere 
incrustante  of  several  plants  belonging  to  different  great  classes  of 
vegetables.  The  effects  of  nitric  acid  upon  a  variety  of  vegetable 
groups  are  now  described ;  the  researches  having  been  undertaken 
in  the  hope  that  by  means  of  this  powerful  reagent  some  light  might 
perhaps  be  thrown  on  peculiarities  in  their  respective  constitutions. 

The  first  plant  experimented  on  -n-ith  this  view,  was  the  Pojmliis 
balsamifera,  as  representing  the  numerous  family  of  the  Poplai-s.  A 
quantity  of  the  smaller  branches  of  this  tree,  cut  into  pieces,  was 
exhausted  with  boiling  water.  The  dark-coloured  bitter-tasted  liquid 
which  it  yielded  was  evaporated  to  the  state  of  an  extract,  which 
was  digested  for  nearly  twenty-four  hours  with  dilute  nitric  acid. 
This  strongly  acid  solution  was  evaporated  to  dryness  on  the  water 
bath,  the  dried  residue  was  dissolved  in  a  considerable  quantity  of 
hot  water,  and  the  solution  after  cooling  was  carefully  filtered.  The 
clear  liquid,  after  concentration  to  a  very  moderate  bulk,  was  exactly 
saturated  with  carbonate  of  potash.  A  yellow  crystalline  sediment 
quickly  appeared.  It  consisted  of  nitropicrate  of  potash,  and  the 
potash  salt  of  a  new  acid,  to  which  the  author  has  given  the  name  of 
nitropopulic  acid.  The  mixed  potash  salts  were  then  collected  on  a 
filter,  dried  by  pressure,  and  were  treated  with  a  cold  solution  of 
dilute  carbonate  of  potash,  which  readily  dissolved  out  the  nitro- 
populate  of  potash,  while  it  left  the  nitropicrate  of  that  base  unacted 
on.  The  two  salts  were  then  separated  by  filtration,  the  nitropi- 
crate remaining  on  the  filter,  while  the  nitropopulate  was  dissolved 
in  the  alkaline  liquid.  The  solution  was  next  slightly  supei'saturated 
with  hydrochloric  acid,  when  the  nitropopulate  of  potash  precipi- 
tated as  a  compact  crystalline  powder,  which  was  purified  by  re- 
peated crystallizations  out  of  hot  water.  When  pure,  the  potash 
salt,  which  crystallizes  in  small  lemon-yellow  prisms,  is  boiled  with 
a  considerable  excess  of  hydrochloric  acid,  and,  on  the  cooling  of 
the  solution,  the  nitropopulic  acid  is  deposited  in  silky  needles, 
forming  concentric  groups  of  a  pale  yellow  colour.  By  digestion 
with  animal  charcoal,  the  nitropopulic  acid   is   rendered  perfectly 
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colourless.  It  is  very  soluble  in  water,  and  still  more  so  in  weak 
and  strong  spirits  of  wine.  Bj^  digestion  with  strong  nitric  acid, 
it  is  rapidly  converted  into  nilropicric  acid.  In  several  of  its  cha- 
racters nitropopulic  acid  bears  a  considerable  resemblance  to  indi- 
gotic  acid.  When  subjected  to  analysis,  the  formula  of  nitropopulic 
acid  dried  in  the  air,  was  found  to  be  C,^  H3  R,  0|3-t-HO  +  2Aqu  ; 
that  of  the  acid  dried  at  212°  F.,  C^  H,,  No  0,3  + HO. 

The  potash,  silver,  soda  and  baryta  salts  were  also  analysed. 

The  Popnliis  nigra.,  when  treated  with  nitric  acid,  was  also  found 
to  yield  nitropopulic  acid,  which  appears  therefore  to  be  character- 
istic of  the  poplar  tribe. 

An  extract  was  also  prepared  from  Salix  russelliana,  or  the  Bed- 
ford-willow, which,  when  it  was  digested  with  dilute  nitric  acid, 
yielded  a  great  deal  of  oxalic  and  nitropicric,  but  no  nitropo  ulic 
acid.  Extracts  of  the  Cytisus  laburnum,  or  the  laburnum-tree ;  of 
the  Sivetenia  mahogani,  or  the  mahogany-tree ;  of  the  Pyrus  malus, 
or  the  apple-tree  ,•  of  the  CratcEgus  oxyacantha,  or  the  hawthorn ; 
of  the  Kibes  nigrum,  or  the  black  currant  bush  ;  of  the  Betula  alnus, 
or  the  alder  ;  of  the  Vlex  europa:ns,  or  the  furze  ;  of  the  Calluna 
vulgaris,  or  common  heather  ;  of  the  root  of  the  Curcuma  longa,  or 
turmeric  ;  of  the  seeds  of  the  Bixa  orellana,  or  annotto ;  of  the 
Sambucus  nigra,  or  the  elder  ;  of  the  Cytisus  scoparius,  the  Spar- 
tium  scoparium  of  Linn.,  or  common  broom,  when  treated  with 
dilute  nitric  acid,  also  yielded  oxalic  and  nitropicric  acids.  The  ex- 
tracts of  Quercus  robur,  or  common  oak,  and  of  Betula  alba,  the 
birch-tree,  when  digested  with  nitric  acid,  only  yielded  oxalic  acid, 
but  no  nitropicric  or  any  analogous  nitrogenated  acid. 

The  results  of  these  experiments  seem  to  indicate  therefore  that 
a  far  greater  number  of  plants  are  capable  of  yielding  nitropicric 
acid  than  has  generally  been  supposed,  those  which  lail  to  do  so 
constituting  a  very  small  minority. 

As  the  extract  of  broom,  Spartium  scoparium,  besides  yielding 
nitropicric  acid,  exhibited  some  interesting  peculiarities,  it  was  sub- 
jected to  a  more  minute  examination.  When  an  aqueous  decoc- 
tion of  broom  was  concentrated  to  about  a  tenth  of  its  bulk,  and 
set  aside  in  a  cool  situation  for  twelve  hours,  it  gelatinized  into  a 
greenish-brown  coherent  mass,  which  was  thrown  upon  a  filter 
and  washed  with  a  little  cold  water.  It  consisted  chiefly  of 
a  yellow  crystallizable  colouring  matter  (scoparine,  the  diuretic 
principle  of  broom),  which  was  at  first  contaminated  with  a  con- 
siderable amount  of  chlorophyl.  It  also  contained  a  small  quan- 
tity of  a  volatile  organic  base  (sparteine,  the  narcotic  principle  of 
broom),  the  greater  portion  of  which  however  remained  in  the 
mother-liquors. 

The  scoparine,  when  purified  by  repeated  crystallizations  out  of 
hot  water  and  spirits  of  wine,  formed  pale  yellow  prisms  of  a  feeble 
acid  character.  Its  formula  was  found  to  be  C.,i  Hu  O^q.  Sco- 
parine acts  as  a  powerful  diuretic. 

The  mother-liquor  from  the  crude  scoparine,  after  having  been 
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concentrated  to  a  very  moderate  bulk,  was  distilled  along  with  a 
considerable  excess  of  soda,  when  a  colourless  basic  oil  slowlj'  col- 
lected at  the  bottom  of  the  receiver.  This  oil  was  the  volatile  base 
sparteine.  It  has  a  strongly  alkaline  reaction,  completely  neutral- 
izing the  most  powerful  acids.  It  is  but  slightly  soluble  in  acids 
but  readily  dissolves  both  in  alcohol  and  in  aether.  It  boils  at  about 
550°  F.  The  taste  of  its  salts  is  very  bitter.  The  formula  of  this 
base  is  C15  H13  N.  The  nitrate,  sulphate  and  hydrochlorate  of  spar- 
teine are  exceedingly  soluble,  and  crystallize  with  great  difficulty. 
The  nitropicrate  of  sparteine  forms  long,  slender  brittle  needles,  un- 
distinguishable  from  nitropicrate  of  potash.  Its  formula  is  C^  Hj,  N, 
HO,  C,3  H,  N3  0,3. 

The  double  chloride  of  platinum  and  sparteine  crystallizes  in  rect- 
angular prisms.  This  salt  contains  two  equivalents  of  water,  which 
it  loses  at  266°  F.  Its  formula,  when  dried  at  212°  F.,  is  C,5  H^,  N, 
HCl  +  PtCl2-|-2HO. 

The  double  mercurial  salt  crystallizes  in  large,  right  rhombic 
prisms,  exhibiting  the  diamond  lustre.  Its  formula  is  C,.  H,,  N, 
HCl,  HgCl. 

Sparteine  appears  to  be  a  strong  narcotic  poison,  though  much 
inferior  in  this  respect  to  either  nicotine  or  coneine. 

It  is  plain,  therefore,  that  in  employing  a  decoction  of  broom-tops 
in  dropsical  affections,  as  has  hitherto  been  the  practice,  the  patient 
is  subjected  to  the  narcotic  influence  of  the  sparteine,  as  well  as  to 
the  diuretic  effects  of  the  scoparine,  a  result  which  in  general  is  not 
likely  to  be  desirable.  The  author  does  not,  however,  think  it  is  at 
all  necessary  to  employ  chemically  pure  scoparine  for  medical  pur- 
poses. If  a  decoction  of  broom  be  evaporated  to  dryness  on  the 
water-bath,  then  treated  with  a  little  dilute  hydrochloric  acid,  the 
mixture  thrown  upon  a  filter  and  washed  with  a  small  quantity  of 
cold  water,  almost  the  whole  of  the  sparteine  will  be  removed,  and 
the  dark  green  gelatinous  mass  remaining  on  the  filter  will  be  found 
to  possess  the  diuretic  without  the  narcotic  properties  of  the  plant. 

December  19 — Sir  Benjamin  C.  Brodie,  Bart.,  V.P.,  in  the  Chair. 

Captain  Lefroy,  R.A.,  was  admitted  into  the  Society. 

The  following  communication  received  from  Professor  Hermann 
Schlagintweit  was  read  : — 

"  Results  of  Observations  on  the  Distribution  of  Temperature  in 
the  Alps." 

1.  The  greatest  irregularities  and  the  most  considerable  local  in- 
flexions of  isothermals  are  observed  at  the  lower  heights. 

2.  Generally  speaking,  the  depression  of  temperature  is  also  very 
sensible  at  stations  in  the  Alps  when  proceeding  from  south  to  north  ; 
and  the  eastern  parts  are  colder  than  the  western.  One  degree  of 
latitude  produces  in  the  plain  of  Lombardy  a  difference  of  tem- 
perature amounting  to  0°'7  C.  In  the  interior  parts  of  the  Alps  the 
difference  is  0°-5  to  0°-6  C. 

3.  If  we  consider  the  isothermal  lines  on  a  longitudinal  profile  of 
the  Alps,  we  find  that  their  forms  show  some  connexion  with  the 
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moan  elevation  of  the  different  parts  of  the  Alps.  The  isothermals 
rise  where  the  mean  elevation  is  greater;  they  sink  at  the  borders 
and  on  smaller  groups.  This  convexity  of  the  isothermal  lines  in  the 
centre  of  the  Alps  is  still  more  considerable  if  we  represent  by  theiu 
the  teuiperature  <jf  the  earth,  since  the  latter  is  still  more  intimately 
connected  with  the  mass  of  the  mountains,  with  the  insulation  and 
radiation  of  the  rocky  substance;  whilst  for  the  temperature  of  the 
air,  differences  of  that  kind  are  more  eliminated  by  its  mobility. 

4.  The  vertical  distances  of  two  isothermals  are  the  greatest  near 
the  base  of  the  Alps,  attain  afterwards  a  minimum,  and  become  in 
the  higher  parts  again  a  little  greater.  The  position  of  the  minimum 
takes  place  in  the  Northern  Alps  and  the  group  of  the  St.  Gothard 
at  nearly  6000  French  feet ;  in  the  central  parts  at  nearly  70(X) ;  for 
the  group  of  Mont  Blanc  it  seems  to  be  at  a  still  greater  elevation. 

5.  The  height  corresponding  to  a  depression  o\'  temperature  of 
1°  C.  is  in  the  mean  540  F.  feet  =  90  toises=  166  metres,  if  we 
compare  the  lowest  stations  of  continued  observation  with  the 
highest  stations;  but  if  we  consider  the  temperature  of  tiie  highest 
summits,  the  depression  becomes  a  little  greater  (510  feet  for  the 
Central  Alps). 

6.  The  mean  temperature  of  the  air  seems  to  be,  for  the  highest 
sununits,  from  —13°  to  — 15°  C. 

7.  At  the  greater  elevations  the  temperature  of  single  months  is 
generally  altered  in  this  manner: — The  temperatures  of  February 
and  January,  of  August  and  July,  differ  less  from  each  other  than 
they  do  at  lower  stations. 

8.  The  influence  of  the  general  form  of  the  surface  on  the  tem- 
perature is  particularly  evident  when  we  consider  the  mean  tempera- 
ture of  the  months.  The  valleys  during  the  winter  are  in  general 
colder  than  the  mountains,  the  cold  air  sinking  down  and  being  ac- 
cumulated in  them;  during  the  summer  they  are  comparatively 
warmer,  the  heat  being  reflected  and  radiated  by  the  insulated  masses 
near  them,  and  circulation  produced,  especially  in  the  horizontal 
direction  :  their  climate  is  therefore  subject  to  greater  extremes, 
though  in  the  annual  mean  it  scarcely  differs  from  the  Alps  in  general. 
The  declivities  during  the  winter  are  comparatively  warmer,  since  the 
air  near  the  surface,  after  sinking  down  in  the  valleys,  is  replaced 
readily  by  less  cold  strata.  During  the  summer,  particularly  in 
southern  exposures,  and  if  the  relative  height  above  the  bottom  of 
the  valley  is  not  great,  they  are  also  a  little  warmer,  since  then 
they  can  partially  be  reached  by  the  ascending  current  of  air.  But 
this  increase  of  temperature  being  smaller  than  that  of  winter,  these 
situations  have  a  more  constant  climate  than  the  valleys.  The  mean 
temperature  of  the  year  on  declivities,  particularly  with  southern 
exposures,  is  therefore  a  little  higher  than  the  mean  of  the  Alps  in 
general. 

9.  Summits  and  declivities,  with  an  exposure  to  north  and  to  north- 
east, show  also  the  character  of  a  constant  climate ;  but  the  tem- 
])erature  of  summer  is  much  lower,  and  consequently  the  annual 
mean  is  also  sensibly  depressed. 

10.  The  depression  of  temperature  with  elevation  is  greater  in 
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summer  than  in  winter,  amounting  for  example  to  1°  C.  for  440  feet 
in  July,  and  for  710  feet  in  January.  The  cause  of  this  is,  that  in 
the  lower  parts  of  the  mountains  the  differences  between  single 
mouths  are  greater  than  in  the  higher  parts. 

11.  T!ie  elevation  of  the  point,  near  which  on  a  vertical  line  the 
depression  of  temperature  is  the  greatest,  is  a  diffei'ent  one  in  every 
month.  It  is  the  highest,  when  the  Alps  are  covered  with  snow,  in 
December  and  January  ;  from  March  to  September  this  point  is 
generally  found  near  the  limit  of  snow  ;  in  October  and  November 
it  lies  below  the  snow-line. 

12.  The  height  of  the  snow- line  in  the  months  does  not  coincide 
always  with  the  same  isothermal.  In  January  the  snow-line  and 
the  isothermal  of  O''  are  both  nearly  on  the  base  of  the  Alps ;  but 
from  this  time  to  July  and  August,  the  isothermal  of  zero  moves 
quicker  upwards  than  the  snow-line,  and  from  August  to  January 
quicker  downwards.  The  snow-line  therefore  in  the  first  period 
coincides  with  isothermals  warmer  than  0°  C.  ;  in  July  it  is  even 
at  +5°  C.  The  snow-line,  in  the  usual  sense,  that  is  to  say  its 
highest  limits  in  summer,  is,  at  the  mean  temperature  of  the  vear, 
-4°  C. 

13.  Over  large  masses  of  snow  and  glaciers  there  is  remarked, 
particularly  on  fine  days,  a  descending  current  of  air  (glacier-wind), 
M'hich  has  a  gi'eat  influence  on  the  general  depression  of  temperature 
near  the  limits  of  snow. 

14.  The  absolute  extremes  of  cold  on  single  days  are  at  the  lower 
stations  sometimes  so  great,  that  they  are  comparatively  but  little 
surpassed  by  those  on  the  higher  points.  But  the  diff"erences  be- 
tween the  higher  and  lower  part  are  much  greater  if  we  consider 
the  maxima  of  heat.  The  absolute  maxima  seem  scarcely  ever  to 
exceed  5"  or  6°  C.  on  the  highest  summits  of  the  Alps.  On  all  days 
the  decrease  of  temperature  is  greater  at  the  time  of  the  maximum 
than  at  the  minimum. 

15.  Compared  therefore  to  the  temperature  of  high  latitudes,  the 
summits  of  the  Alps  correspond  nearly  to  70°  N.  Tat.  But  the  cli- 
mate of  the  highest  elevations  on  the  Alps  is  much  less  severe  than 
that  of  Northern  Asia,  and  is  more  constant  than  that  of  Polar 
America.  Their  minima  of  winter  are  much  surpassed  by  nearly  all 
stations  in  northern  latitudes ;  but  the  maxima  of  summer  are 
colder  than  those  of  nearly  all  points  on  high  latitudes  at  little  ele- 
vation above  the  sea. 

A  Paper  was  also  in  part  read,  entitled  "  On  the  Exogenous  Pro- 
cesses of  the  Vertebras."  By  Professor  Owen,  F.R.S.  &c.  Received 
November  8,  1 8,50. 

The  Society  then  adjourned  over  the  Christmas  holidays,  to  meet 
again  on  the  9th  of  January,  1851. 

January  9,  1851. — Lieut.-Col.  Sabine,  V.P.  &  Treas.,  in  the  Chair. 

The  reading  of  Prof.  Owen's  paper  "  On  the  Exogenous  Processes 
of  Vertebrae"  was  resumed  and  concluded. 
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The  author  commences  by  a  definition  of  these  as  contradistin- 
guished from  tlie  autogenous  parts  or  '  elements'  of  a  vertebra,  and 
exemplifies  them  by  instances  from  Human  and  Comparative  Ana- 
tomy, which  show  the  necessity  of  a  distinct  substantive  term  for 


each  of  such 
follows : — 

Names. 


parts  and    processes.      The   terms  proposed   are  as 


fCentrum. 
2  I  Neurapopbysis. 


Pleurapophysis. 


Synonyms  in  Compara- 
tive Anatomy  (Cuvier). 

Vertebral  body. 
— —  lamiuffi. 


vA 


Synonyms  in  Human  Anatomy 
(Soemmering). 

Corpus  vertebrae. 

Arcus  posterior  vertebrae,  seu  radi- 
ces arcus  posteriores. 
rib,   cervical   rib,  Costa,  seu  pars  ossea  costae,  pro- 


batcbet-bone. 


Haemapopbysis.  Sternal  rib,  chevron- 
bone. 
Inferior  transverse  pro- 
cess. 


Parapophysis. 
f  Diapophysis. 


Superior  transverse  pro- 
cess. 


cessus  transversus  vertebrae  cervi- 
calis. 
Cartilago  costae. 

Radix  prior  seu  antica  processus 
transversi  vertebrae  cervicalis. 

Radix  posticus  processus  transversi 
vertebrae  cervicalis,  processus 
transversus. 

Processus  obliquus  seu  articularis 
vertebrae. 


Duo  processus  accessorii  processui 
traus verso  et  articular!  superiori 
interpositi. 

Processus  spiuosus. 


Zygapopbysis.     Articular  or  oblique 

process. 

Metapopbysis.     Prolongation  of  arti-l 

cular  process.  I 

Anapopbysis.       Supplemental    articu-  | 

lar  process.  J 

|_^Hypapophysis.    Inferior  spinous  process. 

Sninp  /  °^ui"^l'    Spinous  process. 

^      \  bfemal.  Inferior  spinous  process 

The  principal  aim  of  the  present  communication  was  to  point  out 
the  proportion  of  tiie  vertebrate  animals  in  which  the  metapopbysis, 
anapophysis  and  hypapophysis  were  present,  their  principal  modifica- 
tions, and  their  title  to  the  distinct  appellations  bestowed  upon  them. 

The  metapopbysis  is  noticed  by  INIonro,  in  1726,  as  a  small  rising 
between  the  roots  of  the  superior  oblique  and  transverse  processes ; 
and  both  this  and  the  anapopbysis  appear  to  be  defined  in  similar 
terms,  as  sometimes  characterising  the  lumbar  vertebrae,  by  Soem- 
mering. The  author  of  the  present  paper  commences  his  compara- 
tive anatomy  of  both  processes  by  describing  them  in  the  European, 
Polynesian  and  Australian  varieties  of  the  human  race.  He  then 
passes  to  the  Quadrumana,  and  traces  their  modifications  and  pro- 
gressive development  in  the  Chimpanzee,  Orang-utan  and  Gibbon, 
in  the  Cercopitheciis  ruber,  Semnopithecus  enteUiis,  Macacus  rhesus, 
Macacus  niger^  Macacus  nemestrinus,  Papio  mormon,  Ateles  panis- 
cus,  Ateles  Beelzehuth,  Cebus  capucinus,  Callithrix  sciureus.  Lemur 
nigrifrons,  Lemur  Catta,  Lichanotus  Inclri,  and  Stenops  gracilis. 

In  the  order  Carnivora,  the  same  processes  are  described  in  the 
Lion,  Hysena,  Wolf,  Fox,  Civet,  Genette,  Otter,  Sable,  Kinkajou, 
Mydaus,  Badger,  Bear  and  Seal.  The  presence  of  anterior  articular 
processes  (pre-zygapophyses)  is  demonstrated  in  all  these  Carnivora, 
in  the  anterior  dorsal  vertebra  ;  and  their  apparently  greater  produc- 
tion in  the  succeeding  vertebrae  is  shown  to  be  due  to  the  gradual 
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transference  of  their  articular  surfaces  upon  the  metapophyses,  which 
are  processes  distinctly  superadded. 

In  the  Rodent  Order,  the  modifications  of  the  metapophyses  and 
anapophyses  are  described  in  the  common  and  Malabar  Squirrels, 
the  Marmot,  the  Hydroniys,  the  Rat,  the  Cape  Jerboa,  in  which  the 
anapophyses  attain  their  maximum  of  relative  size ;  in  the  Beaver, 
the  Porcupine,  the  Coypu,  the  Paca,  the  Capybara,  and  in  the  Hare. 
The  distinction  between  the  metapophyses  and  the  pre-zygapophyses 
is  particularly  strongly  marked  in  the  Capybara. 

In  the  Insectivora,  the  Hedgehog  is  an  instance  in  which  metapo- 
physes are  developed  but  not  anapophyses.  The  modifications  of 
both  processes  are  traced,  in  the  Marsupial  Order,  in  the  Thylacine, 
the  Dasyure,  the  Wombat,  the  Perameles,  and  in  two  species  of 
Kangaroo.  The  diapophyses  being  developed  from  the  last  as  well 
as  the  antecedent  dorsals  in  these  marsupials,  renders  the  homology 
of  the  transverse  processes  of  the  lumbar  vertebrae  unmistakeable  : 
but  the  diapophyses  of  those  vertebraa  are  lengthened  out  by  anchy- 
losed  pleurapophyses,  of  which  those  of  the  first  lumbar  vertebra  in 
the  Wombat,  compared  by  the  author,  had  not  completely  coalesced. 
In  the  Ornithoi-hynchus  paradoxus  the  metapophyses  are  double  in 
some  of  the  anterior  dorsal  vertebrae,  but  become  single  in  the  sixth 
dorsal,  and  gradually  increase  to  the  twelfth.  The  anapophyses  are 
rudimental. 

In  the  Ruminant  Order,  the  accessory  processes  are  described  in 
the  Elk,  the  Giraffe,  the  Gnu,  the  Equine  Antilope,  the  Ox,  the 
Aurochs,  the  Camel,  the  Vicugna,  the  Memmina,  and  the  Musk-deer. 
The  anapophyses  are  rarely,  and  then  only  very  feebly  developed ; 
the  metapophyses  are  constant;  they  appear  as  tubercles  above  the 
diapophyses  in  the  anterior  and  middle  dorsals,  and  pass  upon  the 
zygapophyses  in  the  penultimate  or  last  dorsal.  The  author  records 
a  peculiarity  in  the  skeleton  of  a  musk-deer  {Moschus  moschiferus^. 
In  the  pair  of  ribs  attached  to  the  thirteenth  dorsal  vertebra  the 
tubercle  is  wanting,  and  the  diapophysis  is  obsolete,  as  in  the  last 
dorsal  vertebra  of  other  3Ioschidcc ;  but  in  the  following  vertebra, 
answering  to  the  first  lumbar  in  other  Moschidcc,  the  rib  is  developed 
with  a  head  and  a  distinct  tubercle,  articulated  to  an  equally  distinct 
diapophysis.  This  plainly  demonstrates  the  homology  of  the  diapo- 
physis in  the  next  vertebra,  ansv»ering  to  the  second  lumbar  in 
other  MoschidcB. 

There  are  no  anapophyses  in  the  Hog-tribe  and  Hippopotamus  : 
the  metapophyses  resemble  those  of  the  ruminant  artiodactyles. 
The  perissodactyle  Ungulates  manifest  some  peculiarities.  In  the 
Sumatran  Tapir,  e.  g.  the  metapophysis  is  a  very  distinct  process  in 
the  third  dorsal,  subsides  in  the  four  next  dorsals,  and  reappears  as 
a  prominent  process  in  those  that  follow,  but  does  not  attain  the 
position  upon  the  zygapophysis  except  in  the  last  lumbar  vertebrae. 
In  the  Horse  and  Rhinoceros,  as  well  as  the  Tapir,  although  there 
are  no  proper  anapophyses,  tl)e  diapophysis  of  the  last  lumbar  de- 
velopes  an  articular  surface  on  its  back  part  which  articulates  with 
a  corresponding  surface  on  the  sacrum.     In  the  vertebrae  of  the 
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Elephant  a  peculiaritj'  is  pointed  out  which  is  not  adverted  to  by 
Cuvier  or  Dc  Blainville,  and  ap])ears  to  have  escaped  notice,  viz.  an 
accessory  pair  of  joints  between  the  metapophysis  and  anapophysis, 
commencing  between  the  seventeenth  and  eighteenth  dorsals,  and 
continued  to  between  the  first  and  second  lumbar  vertebrae.  The 
nietapophyses  have  been  undescribed,  also,  in  the  Cetacea,  although 
they  are  represented  in  the  plates  of  the  '  Ossemens  Fossiles'  di- 
stinctly from  the  anterior  zygapophyses,  and  exist  in  many  vertebrae 
after  these  processes  with  their  articular  surfaces  have  wholly  dis- 
appeared :  the  modifications  of  the  metapophyses,  and  their  mode 
and  place  of  superseding  the  prezjgapophyses,  are  described  in  the 
Delphinus  Tursio  and  D.  Delphis :  their  modifications  are  also 
pointed  out  in  the  Dugong.  But  the  most  remarkable  development 
and  complexity  of  the  accessory  exogenous  processes  is  presented 
by  certain  members  of  the  Order  Bnita  or  Edentata  of  Cuvier. 
The  author  commences  with  a  description  of  them  in  the  Sloths, 
and  gives  his  reasons  for  considering  the  length  of  the  neck  in  the 
three-toed  species  to  be  due  to  the  superaddition  of  two  cervicals 
between  the  denlata  and  eighth  vertebra,  which,  from  certain  cha- 
racters of  its  complex  transverse  process,  he  regards  as  homologous 
with  the  sixth  cervical  vertebra  of  the  two-toed  species. 

In  the  Cape  Ant-eater  (^Orycteropus  capensis),  both  metapophyses 
and  anapophyses  are  present  on  the  eighth  dorsal  vertebra ;  the 
former  are  continued  to  near  the  end  of  the  tail,  the  latter  subside 
in  the  last  lumbar.  In  the  armadillos  the  metapophyses  commence 
abruptly  about  the  middle  of  the  back,  and  progressively  increase 
until  they  equal  the  long  neural  spines  in  height :  they  develope  two 
articular  surfaces,  one  on  the  inner  side  of  their  base,  another  on 
the  outer  side  :  the  latter  articulates  with  the  anapophysis,  which  is 
remarkable  for  its  thickness,  and  developes  a  second  inferior  articular 
surface  for  the  j)arapophysis,  Mhich,  together  with  the  diapophysis, 
is  developed  from  all  the  lumbar  vertebrae.  These  complex  joints 
are  illustrated  by  drawings  taken  from  two  species  of  Armadillo. 

The  exogenous  processes  present  still  greater  complexity  in  the 
true  Ant-eaters.  The  metapophyses  commence  in  the  cervical 
region,  change  their  place  from  the  zygapophyses  to  the  diapophyses 
in  the  anterior  dorsals,  and  back  again  to  the  zygapophyses  in  the 
posterior  dorsal  and  lumbar  vertebrae,  where  they  supersede  those 
processes ;  and  develope  accessory  articular  surfaces  for  the  anapo- 
physes. These  not  only  present  an  upper  articular  surface  for  the 
metapophysis,  and  a  lower  one  for  the  parapophysis,  but  de- 
velope a  third  outer  one  for  a  new  articular  surface  upon  the 
diapophysis ;  so  that,  were  not  the  ordinary  articular  processes, 
or  zygapophyses,  obliterated  in  the  posterior  dorsal  and  lumbar 
vertebrae,  there  would  be  not  fewer  than  eighteen  synovial  joints, 
in  addition  to  the  intervertebral  joints,  in  the  posterior  lumbar 
vertebrae  of  the  Great  iVnt-eater.  These  processes  and  articula- 
tions are  illustrated  by  figures  taken  from  the  Great  Ant-eater; 
and  the  necessity  of  the  substantive  names  for  the  processes,  and  of 
adjectives  to  signify  their  added  articular  surfaces,  was  exemplified 
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in  the  explanation  of  those  figures.  The  peculiar  complexity  oi  the 
vertebraj  of  the  Edentata  having  been,  previously  to  the  investiga- 
tions of  the  author,  illustrated  by  a  comparison  with  those  of  the 
Serpent  tribe,  he  next  entei's  upon  the  question  of  the  precise  nature 
and  extent  of  this  analogy,  and  shows  that,  although  the  complex 
joints  in  both  are  comparable  to  the  tenon-and-mortice  joints  in 
carpentry,  they  are  produced  by  different  processes  in  the  Mammal 
and  the  Reptile.  The  zygapophyses  exist  in  both ;  to  these,  in  the 
Mammal,  are  superadded  the  joints  developed  on  metapophyses  and 
anapophyses,  which  are  belotv  the  zygapophyses ;  but  in  the  Serpents, 
the  superadded  joints  are  on  parts  which  the  author  terms  the  '  zygo- 
sphene'  and  '  zygantrum,'  and  are  oAoi^e  the  zygapophyses.  Some 
characteristic  differences  are  next  pointed  out  in  the  Ophidian  ge- 
nera Coluber,  Hydrus,  Naja,  Crotalus,  Python,  and  the  extinct 
genus  of  large  serpents  from  British  eocene  strata  called  Pcdceophis. 
The  author  also  points  out  that  the  tenon  and-mortice  joints  are  not, 
as  was  supposed,  peculiar  to  the  Ophidian  reptiles,  but  exist  in  the 
Iguana,  where  they  are  likewise  due  to  the  superaddition  of  zygo- 
sphenal  and  zygantral  articulations. 

The  author  finally  enters  upon  the  comparative  anatomy  of  the 
'  hypapophysis,'  that  name  being  applied  to  the  process,  commonly 
exogenous,  from  the  under  or  ventral  surface  of  the  centrum,  rarely 
autogenous  from  the  same  aspect  of  the  capsule  of  the  notochord. 
The  modifications  of  the  hypapophysis  are  exemplified  in  the  Hare 
and  Rabbit,  the  Cape  Jerboa,  the  Hydromys,  the  Phoca  groenlandica 
and  Leptonyx  serridens,  in  the  Hippopotamus,  the  Megaceros,  the 
Musk-deer,  the  Camel,  the  Giraffe,  and  other  Ruminants.  In  the 
Ornithorhynchus  the  atlas  is  remarkable  for  a  pair  of  hypapophyses, 
like  the  first  vertebra  in  the  Sudis  or  Arapaima  gigas :  but  the  most 
remarkable  instances  of  the  development  and  modification  of  the 
hypapophysis  are  to  be  met  with  in  the  class  of  Birds.  It  is  there 
well-marked  in  the  anterior  cervical  vertebrEe,  especially  in  the  den- 
tata,  and  reappears  in  the  lower  cervicals  as  a  pair  of  processes,  which 
defend  and  sometimes  encompass  the  carotid  arteries,  foi'ming  a 
quasi-hfemal  arch,  as  in  the  Pelican.  The  still  more  extraordinary 
developments  of  the  hypapophysis  in  the  Aptenodytes  and  SpJiceuis- 
cus  are  specially  described  and  illustrated  by  figures.  The  modifi- 
cations of  the  same  process  are  pointed  out  in  some  extinct  Reptilia, 
as  e.g.  the  Crocodilus  basifissus,  the  INIososaurus,  the  Iguanodon  and 
the  Ichthyosaurus :  in  the  latter  the  hypapophysis  is  exogenous  in 
the  neck,  as  in  some  Lizards,  and  forms  the  so-called  '  wedge-bones  :' 
the  part  usually  called  '  body  of  the  atlas '  is  serially  homologous 
with  these ;  the  true  centrum  of  that  vertebra  being  the  so-called 
odontoid  process.  The  memoir  concludes  with  a  demonstration  of 
the  serial  homology  of  the  hsmal  arches  of  the  tail,  sometimes  called 
chevron-bones,  and  the  essential  distinction  of  the  hypapophyses  from 
the  haemapophyses,  and  at  the  same  time  from  the  jiarapophyses,  with 
which  the  hypapophyses  co-exist  in  the  cervical  and  anterior  thoracic 
regions  ©f  the  Crocodile. 
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The  paper  is  illustrated  with  fifty-five  drawings,  of  which  detailed 
descriptions  are  appended  to  the  memoir. 

A  communication  was  read,  entitled,  "  Researches  on  the  Distri- 
bution of  Vegetables  in  the  Alps  compared  with  the  Differences  of 
Climate,  and  on  the  Periodical  Development  of  Plants  at  different 
heights."     Bj'  Adolph  Schlagintweit. 

January  16. — Lieut.-Col.  Sabine,  V.P.  and  Treasurer,  in  the  Chair. 

The  Chairman,  by  desire  of  the  President,  read  the  following 

letter : — 

"  Downing  Street,  Jan.  6,  1851. 

"  My  Lord, — I  beg  to  inform  your  Lordship,  that  I  shall  set 
apart  One  Thousand  Pounds,  from  the  fund  for  Special  Service,  to 
be  applied  by  the  Council  of  the  Royal  Society  in  the  same  manner 
as  the  grant  made  for  Scientific  purposes  last  year. 
"  I  have  the  honour  to  be, 

"  Your  Lordship's  obedient  humble  Servant, 

"J.  Russell." 
"  Tlie  Earl  ofRosse:' 

The  following  paper  was  then  read  : — 

"  On  the  Results  of  Periodical  Observations  of  the  Positions 
and  Distances  of  Nineteen  of  the  Stars  in  Sir  John  Herschel's  Lists 
of  Stars  favourably  situated  for  the  investigation  of  Parallax  con- 
tained in  Part  III.  of  the  Phil.  Trans,  for  1826,  and  in  Part  I.  for 
1827."  By  Lord  Wrottesley,  F.R.S.  &c.  Received  November  14, 
1850. 

In  Sir  John  Herschel's  papers  above  referred  to,  he  shows  that  if 
a  double  star  occupy  a  certain  position  with  respect  to  the  ecliptic, 
and  one  of  the  components  be  supposed  to  be  very  much  nearer  to 
the  earth  than  the  others,  a  considerable  periodical  and  parallactic 
change  will  take  place  in  their  angle  of  position,  and  that  the  maxi- 
mum variations  fi'om  the  mean  position  will  ocrur  at  two  opposite 
seasons  of  the  year,  which  indicate  the  best  times  of  observation  of 
the  parallax  of  the  star.  Sir  John  gives  a  list  of  stars  thus  favour- 
ably situated,  with  the  coefficients  of  the  maximum  parallactic  varia- 
tion of  the  angles  of  position,  and  the  times  of  their  occurrence 
subjoined. 

Lord  Wrottesley  having  erected  at  his  seat  in  Staffordshire  an 
observatory  provided  with  a  good  equatorial,  determined  to  devote 
the  instrument  to  a  good  trial  of  the  method,  and  the  present  paper 
contains  the  results  of  his  observations  and  researches. 

The  equatorial  employed  was  that  formerly  belonging  to  Mr. 
Beaumont.  Its  telescope  is  of  10  feet  9  inches  focal  length,  and  the 
object-glass  is  of  7 f  inches  clear  aperture,  and  a  good  glass  of  its 
size.  The  instrument  is  mounted  according  to  the  usual  English 
method  for  a  fixed  observatory,  viz.  with  a  long  polar  axis  resting 
in  Y*  at  each  end.     This  polar  axis  is  14<  feet  3  inches  long,  and 
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10  inches  square  in  the  middle,  having  pivots  at  the  ends  of  hard 
bell-metal.  The  Y^  above  and  below  are  attached  to  massive  stone 
piers,  supported  b}'  a  very  firm  and  large  foundation  of  brick-work. 
The  steadiness  of  the  instrument  is  not  satisfactory,  compared  with 
that  of  some  recently-established  equatorials.  The  observations  were 
made  with  a  parallel-wire  micrometer,  containing  one  fixed  and  two 
moveable  wires,  and  the  value  of  its  scale  was  well  determined  both 
by  Mr.  Beaumont  and  Lord  Wrottesley.  The  power  usually  em- 
ployed was  450. 

In  the  progress  of  the  observations  it  was  found  that  they  were 
attended  with  considerable  difficulties,  chiefly  arising  from  the  im- 
practicability of  obtaining  a  sufficient  number  of  observations  at  both 
the  proper  periods  of  the  year,  and  also  from  the  circumstance  that 
many  stars  require  to  be  observed  at  an  inconvenient  hour  in  the 
early  morning,  when  the  observer,  fatigued  by  night  observing,  is 
unequal  to  the  task.  The  fact  of  the  difficulty  of  the  observations  is 
evidenced  by  the  paucity  of  the  trustworthy  results,  after  more  than 
six  years'  uninterrupted  observing,  viz.  from  February  of  IS'tS  to 
October  of  1849.  Of  sixty-nine  stars  proposed  for  observation  only 
forty-eight  have  been  observed,  and  of  them  nineteen  only  have  been 
observed  at  both  periods  of  the  year.  The  results  of  the  obser- 
vations of  these  nineteen  stars  are  given  in  the  paper. 

Four  tables  are  given,  the  first  of  which  contains  the  separate 
results  for  each  day's  observations  of  every  star,  both  for  distance 
and  angle  of  position,  with  the  probable  error  and  weight  of  each, 
computed  according  to  the  ordinary  formula  of  the  calculus  of  pro- 
babilities, and  also  witli  the  assigned  arbitrary  weight  of  each,  esti- 
mated according  to  the  judgment  of  the  observers.  It  contains 
also  estimations  of  the  magnitudes  and  coloui's  of  the  stars  for  each 
night. 

The  second  table  gives  the  similar  results  combined  for  each 
period  of  observation,  with  the  computed  weights  and  probable 
errors. 

The  third  table  gives  the  combined  results  of  all  the  observations 
for  the  main  epoch  of  observation,  together  with  the  approximate 
R.A.  and  N.P.D.,  and  the  whole  number  of  observations. 

The  fourth  table  gives  the  results  for  the  separate  epochs  for  those 
stars  only  which  afford  reasonable  hope  of  the  detection  of  parallax, 
four  stars  being  omitted  as  evidently  binary  systems,  and  some  others 
whose  components  were  equal  in  magnitude,  and  the  observations  of 
which  did  not  give  any  indication  of  parallax,  being  also  omitted. 
The  differences  of  the  angles  of  position,  as  indicating  parallax,  are 
distinctly  exhibited,  first  as  resulting  from  such  observations  as  were 
made  at  consecutive  and  opposite  seasons,  and  secondly  as  resulting 
from  the  comparison  of  all  the  observations  made  at  one  period  of 
the  different  years  with  all  made  at  the  other  period. 

In  discussing  the  final  results,  the  author  remarks  that  only  three 
stars,  viz.  118  Tauri,  100  Hercules,  and  Herschel  95,  were  observed 
satisfactorily  at  the  opposite  and  consecutive  seasons,  and  these 
exhibit  such  discordances  in  the  partial  differences,  that  it  seems 
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necessary  in  all  cases  to  depend  only  upon  the  average  difference 
of  position  obtained  by  comparing  all  the  observations  at  one 
period  of  the  different  years,  witli  all  at  the  other  period.  He  finds 
that  there  are  then  only  five  stars  in  the  list,  viz.  32  Eridani,  4-1 
Aurigae,  c  Geminorum,  an  anonymous  star  in  Cancer,and  Herschel  95, 
which  show  differences  in  the  proper  direction,  and  so  much  greater 
than  the  probable  errors  as  to  deserve  much  attention,  as  exhibiting 
parallaxes  measurable  by  this  method,  and,  of  these,  I  Geminorum 
is  subject  to  great  doubt,  from  the  smallness  of  the  number  of  the 
observations  at  the  late  period  of  the  year. 

The  results  however  are  entitled  to  rather  more  consideration  in 
this  respect,  that,  with  regaid  to  the  greater  numbers  of  the  stars 
that  are  physically  unexceptionable  (that  is,  omitting  binary  stars, 
and  tho^c  whose  components  are  of  equal  magnitude),  the  directions 
of  apparent  change  of  position  are  favourable  to  the  supposition  of  a 
measurable  parallax.  This  is  jiarticularly  the  case  with  respect  to 
32  Eridani  and  Herschel  95,  which  the  author  in  conclusion  recom- 
mends to  the  notice  of  astronomers  provided  with  adequate  instru- 
ments for  observing  them. 


XXXV.  Intelligence  and  Miscellaneous  Articles. 

POSTSCRIPT  TO  A  PAPER  "  ON  STRIATED  ROCKS  IX  THE  LAKE 
DISTRICT  OF  WESTMORELAND."  BY  JAMES  BRYCE,  JUN.,  M.A., 
F.G.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gextlemex, 
T  TAKE  the  earliest  opportunity  afforded  by  your  Journal  to  correct 
A  an  error  in  my  paper  on  striated  rocks,  which  appeared  in  the  Num- 
ber of  the  Philosophical  Magazine  for  December  last.  It  is  stated  in 
the  first  paragraph,  that  "  striated  rocks  have  not  been  before  noticed 
in  the  lake  district."  Tliis  is  a  mistake.  In  drawing  up  the  account 
I  overlooked  a  paper  by  Dr.  Buckland,  in  which  the  existence  of 
scratched  rocks  in  Westmoreland  is  mentioned.  To  this  paper  my 
attention  has  been  kindly  directed  by  Mr.  John  Hudson  of  Kendal. 
It  is  contained  in  the  Proceedings  of  the  Geological  Society  of 
London,  vol.  iii.  part  2 ;  and  is  given  under  the  dates  November 
ISth  and  December  2nd,  1840.  The  following  is  the  only  passage 
in  which  strire  are  referred  to;  it  occurs  on  pp.  347-8. 

"  Dr.  Buckland  had  no  opportunity  of  seeking  for  polished  and 
striated  surfaces  in  the  high  mountain  valleys  of  the  lake  district ; 
but  he  found  them  on  a  recently  exposed  surface  of  greywacke  in  Dr. 
Arnold's  garden  at  Fox  Howe  near  Ambleside ;  likewise  near  the 
slate  quarry  at  Rydal  ;  and  on  newly-bared  rocks  by  the  side  of  the 
road  ascending  from  Grasmere  to  the  Pass  of  Wythburn  ;  he  is  also 
of  opinion  that  many  of  the  round  and  mammillated  rocks  at  the  bot- 
tom of  the  valley  leading  from  Helvellyn,  by  the  above  localities,  to 
Windermere,  owe  their  form  to  glacial  action." 
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In  addition  to  this  general  notice  there  is  nothing  stated  ;  the  sub- 
ject, however,  has  now  assumed  such  importance,  that  minute  and 
careful  descriptions  are  desirable.  It  is  important  to  know  the  di- 
rection of  the  striae  with  reference,  both  to  the  points  of  the  comj  ass, 
and  the  bedding  of  the  rock ;  whether  they  are  parallel  at  remote 
points,  or  divergent ;  and  whether  they  coincide  with  or  are  trans- 
verse to,  the  course  of  the  valleys,  and  the  great  dominant  faults. 
The  localities  mentioned  by  Dr.  Buckland  are  not  embraced  in  my 
paper ;  they  were  not  known  either  to  Mr.  Vv^'akefield  or  myself. 
That  of  Fox  Howe  garden  is  of  great  interest  owing  to  its  peculiar 
position,  sheltered  by  a  high  hill  on  the  west  and  north-west. 

I  hope  to  obtain  during  the  ensuing  summer  a  series  of  minute 
and  accurate  observations  on  the  localities  above-mentioned,  as  well 
as  on  the  valleys  opening  northward  from  the  central  group  of  moun- 
tains. 

I  am  very  faithfully  yours, 

c  T       1  n  i  m  James  Bryce,  Jun. 

5  Lansdowne  Crescent,  Glasgow,  ' 

Feb.  3,  1851. 


ON   SOME  PROPERTIES  OF  BORACIC  ACID,   AND  ESTIMATION   OV 
ITS  QUANTITY.       BY  PROF.   H.   ROSE. 

The  quantitative  determination  of  boracic  acid  is  attended  with 
difficulties  which  have  hitherto  defeated  any  method  of  immediately 
effecting  it.  When  this  acid  is  dissolved  in  water,  it  is  well  known 
that  its  total  quantity  cannot  be  ascertained  by  merelyevaporating  the 
water;  moreover  when  the  acid  thus  obtained  is  melted  on  a  platina 
crucible,  its  weight  constantly  diminishes,  unless  contact  of  the  air 
be  avoided.  This  loss  is  still  more  considerable  when  the  heat  is 
raised  to  redness  ;  but  it  is  reduced  to  a  few  millegrammes  when  the 
calcination  is  effected  in  an  atmosphere  which  is  not  moist.  If,  on 
the  other  hand,  the  boracic  acid  obtained  be  moistened  with  a  drop 
of  water,  and  be  again  heated  to  redness,  the  loss  of  weight  amounts 
to  some  centigrammes,  and  it  is  still  greater  if  a  few  drops  of 
alcohol  be  used.  The  best  method  of  avoiding  loss  during  the  fusion 
of  boracic  acid,  is  to  pour  on  its  surface  a  small  quantity  of  carbonate 
of  ammonia. 

It  has  been  proposed  to  avoid  the  volatilization  of  boracic  acid  on 
evaporating  its  aqueous  solutions  by  saturating  them  with  ammonia 
before  evaporation ;  but  the  affinity  of  boracic  acid  for  ammonia  is 
so  weak,  that  the  latter  escapes  with  the  vapour  of  the  water. 

The  addition  of  chloride  of  ammonium  to  an  aqueous  solution  of 
boracic  acid  does  not  prevent  its  volatilization.  When,  after  adding 
this  salt,  the  whole  is  evaporated,  and  the  dry  residue  is  calcined  on 
a  platina  crucible  till  vapours  of  chloride  of  ammonium  cease  to  arise, 
a  residue  is  obtained,  which,  at  the  temperature  when  pure  boracic 
acid  fuses,  cannot  be  made  to  do  so.  If  the  residue  be  treated  with 
water,  there  remains  nitruret  of  boron  in  the  state  of  a  grayish-white 
powder.  The  quantity  of  this  substance  varies,  and  sometimes  even 
it  is  not  produced. 
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Boracic  acid  cannot  be  estimated  in  tlie  state  of  aqueous  solution, 
by  a  method  similar  to  that  emjjloyed  for  arsenic  and  phosphoric 
acids  ;  that  is  to  say,  by  adding  to  the  solution  a  weighed  quantity 
of  oxide  of  lead  recently  calcined,  evaporating  the  whole,  and  heating 
the  dried  mass  to  redness.  In  fact,  it  is  not  possible  to  prevent  the 
volatilization  of  the  boracic  acid  by  adding  oxide  of  lead.  The  same 
happens  when  a  solution  of  nitrate  of  lead  is  added  instead  of  the 
oxide. 

Even  when  a  weighed  quantity  of  tribasic  phosphate  of  soda  (3NaO 
PO^)  is  added,  no  quantitative  result  is  obtained ;  for  this  salt  does 
not  possess  the  property  of  preventing  the  volatilization  of  boracic 
acid  from  its  aqueous  solutions. 

A  quantitative  estimate  of  this  acid  in  aqueous  solutions  can  be 
obtained  only  by  the  addition  of  a  known  quantity  of  a  fixed  alka- 
line carl)onate  ;  but  this  method  is  not  convenient,  occupies  much 
time,  and  requires  besides  the  most  rigorous  precision.  Carbonate 
of  soda  is  preferred  to  carlionate  of  potash,  because  the  former  is 
more  readily  weighed  with  exactness.  It  is  to  be  weighed  after 
fusion,  and  about  an  equal  or  twice  the  weight  of  the  boracic  acid 
supposed  to  exist  in  the  solution  is  to  be  employed  ;  it  is  to  be  dis- 
solved in  the  solution,  and  the  whole  is  to  be  evaporated  by  a  gentle 
heat.  In  the  cold,  carbonic  acid  is  not  extricated  from  alkaline  car- 
bonates by  boracic  acid  ;  and  when  heated,  so  as  to  evaporate,  the 
carbonic  acid  is  expelled  only  in  a  very  slight  degree.  It  is  only 
when  the  whole  has  been  evaporated  to  dryness,  and  the  dry  mass 
begins  to  be  heated  and  calcined,  that  the  disengagement  of  carbonic 
acid  takes  place ;  it  is  then  that  the  operation  must  be  conducted 
with  the  most  precaution.  At  an  intense  heat  the  mass  is  very  fluid  ; 
it  is  soft  when  the  heat  is  low.  If  the  fusion  be  etFected  in  a  small 
platina  crucible  with  the  heat  yielded  by  a  spirit-lamp  with  a  double 
current  of  air,  the  product  obtained  does  not  alter  in  weight  when 
long  kept.  But  it  is  a  remarkable  circumstance,  that,  if  the  crucible 
be  only  moderately  heated,  the  weight  increases  a  little,  and  it  is  not 
possible  again  to  obtain  a  constant  weight.  The  result,  however,  is 
the  same  whether  the  fusion  of  the  mass  be  continued  for  a  longer 
or  a  shorter  time,  and  consequently  whether  a  stronger  or  gentler 
heat  be  emploj'ed. 

The  quantity  of  boracic  acid  contained  in  the  fused  mass  is  thus 
determined  :  deduct  from  its  weight  that  of  the  soda  contained  in 
the  carbonate  employed,  and  also  that  of  the  carbonic  acid  disen- 
gaged during  the  experiment;  the  proportion  of  boracic  acid  will 
thus  be  obtained  with  precision. 

When  carbonate  of  potash  is  employed,  similar  phasnomena  occur  ; 
but  the  results  obtained  are  rather  less  precise,  for  this  carbonate  in 
its  anhydrous  state  cannot  be  weighed  with  the  same  accuracy  as 
the  carbonate  of  soda. 

The  method  above  described  for  ascertaining  the  quantity  of  boracic 
acid  in  solution  is  but  rarely  applicable  in  practice,  and  only  when 
the  solutions  contain  no  other  matter. 
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The  best  and  most  certain  method  of  separating  boracic  acid  from 
bases,  is  that  well  known,  of  converting,  by  means  of  hydrofluoric 
and  sulphuric  acids,  the  boracic  acid  into  fluoride  of  boron,  in  order 
to  obtain  the  bases  in  the  state  of  sulphates.  B}'  treating  the  bo- 
racic salt  with  sulphuric  acid  and  alcohol,  the  boracic  acid  may  like- 
wise be  completely  separated  in  the  form  of  boracic  fether. 

This  method  is  much  inferior  to  that  in  which  hydrofluoric  acid  is 
employed  to  eftect  the  decomposition,  and  ought  not  to  be  employed, 
except  when,  for  want  of  a  platina  retort,  concentrated  hydrofluoric 
acid  is  not  obtainable.  If,  instead  of  sulphuric  acid,  hydrochloric 
acid  be  employed,  as  proposed  long  since  by  G.  G.  Gmelin,  the 
boracic  aether  is  not  produced  with  so  much  facility  as  by  sulphuric 
acid  ;  the  boracic  acid  is  slowly  and  imperfectly  volatilized. 

As  boracic  acid  does  not  form  -with  any  base  a  compound  w'hich  is 
completely  insoluble  in  water,  no  method  for  the  direct  estimation 
of  boracic  acid  is  at  present  known.  The  only  combination  by 
means  of  which  boracic  acid  is  completely  separable  is  the  fluo- 
boruret  of  potassium;  this  is  not  soluble  in  alcohol.  Berzelius  states 
that  it  is  slightly  soluble,  but  it  amounts  to  nothing.  It  is  more 
soluble  in  a  solution  of  chloride  of  ammonium  than  in  pure  water. 

A  great  number  of  experiments  have  shown  that  it  is  impossible 
to  estimate  boracic  acid  in  the  state  of  fluoboruret  of  potassium.  It 
often  happens  that  it  is  contained  in  solution  in  the  state  of  pure 
boracic  acid  uncombined  with  any  base.  If  hydrofluoric  acid  be 
added  to  the  solution,  and  then  carbonate  of  lime  to  eliminate  the 
excess  of  acid  added,  and  lastly,  acetic  acid  and  alcohol  to  the  filtered 
solution,  fluoborui'et  of  potassium  is  obtained,  which  always  contains 
fluoboruret  of  calcium.  But  if  the  boracic  acid  is  combined  with  a 
base,  soda  for  example,  and  the  operation  be  conducted  as  described, 
the  results  appear  to  be  still  more  uncertain. 

As  to  what  relates  to  the  separation  of  boracic  and  phosphoric 
acids,  M.  de  Kobell  has  proposed  to  operate  by  adding  to  the  solu- 
tion of  these  two  acids  a  solution  of  chloride  of  iron,  and  to  precipi- 
tate the  whole  by  an  excess  of  carbonate  of  lime. 

The  addition  of  a  solution  of  chloride  of  iron  is  not  necessary.  If 
to  a  solution  of  a  compound  of  boracic  acid  hydrochloric  acid  be 
added,  and  the  mixture  be  treated  cold  with  excess  of  carbonate  of 
barytes,  the  insoluble  portion  contains  no  boracic  acid,  and  consists 
entirely  of  carbonate  of  barytes.  On  the  other  hand,  phosphoric 
acid,  whether  free  or  combined  with  bases,  is  completely  precipitated 
cold  by  carbonate  of  barytes  when  a  little  hydrochloric  acid  is  added 
to  the  solution. 

The  separation  of  boracic  and  phosphoric  acids  may  then  be  effected 
by  carbonate  of  barytes  ;  but  the  greatest  degree  of  accuracy  is  not 
thus  attained,  because  phosphate  of  barytes  is  not  absolutely  inso- 
luble in  a  concentrated  solution  of  borax ;  some  time  after  the  solu- 
tion has  been  filtered,  traces  both  of  barytes  and  phosphoric  acid  are 
obtained;  the  latter  is  readily  discovered  bymolybdate  of  ammonia. 

If  a  mixture  of  salts  of  boracic  and  phosphoric  acids,  after  the  ad- 
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dition  of  hydrochloric  acid,  be  treated  cold  with  excess  of  carbonate 
of  barytes  and  frequently  stirred, and  the  liciuor  be  filtered  after  twenty- 
four  hours,  the  washing  water  yields  by  evaporation  a  residue,  which 
gives  traces  of  phosphoric  acid  on  the  addition  of  molybdate  of  am- 
monia. If  the  insoluble  residue  be  dissolved  in  hydrochloric  acid, 
after  washing  for  some  time,  and  the  undissolved  barytes  be  elimi- 
nated, and  if  the  phosphoric  acid  be  precipitated  in  the  state  of  am- 
raoniaco-magnesian  phosphate,  and  if,  lastly,  the  proportion  of  phos- 
phoric acid  be  calculated  from  the  calcined  precipitate,  a  small  loss 
of  phosphoric  acid  is  incurred,  but  the  result  is  very  nearly  accurate. 

When  ammoniaco-magnesian  phosphate  is  digested  in  a  cold  con- 
centrated solution  of  borax,  no  phosphoric  acid  can  be  detected  in 
the  filtered  solution.  If,  then,  a  solution  contain  boracic  and  phos- 
phoric acids,  the  latter  may  be  separated  from  the  former  by  preci- 
pitating it  in  the  state  of  ammoniaco-magnesian  phosphate,  especi- 
ally when  the  solution  contains  no  substances  which  are  precipitable 
by  the  addition  of  ammonia  or  magnesia.  The  precipitate  contains 
only  a  very  minute  portion  of  boracic  acid.  By  this  method,  there- 
fore, a  little  moi-e  phosphoric  acid  is  obtained  than  ought  to  be  ;  but 
this  excess  is  about  equal  to  the  loss  which  results  from  the  method 
of  using  carbonate  of  barytes. 

The  quantitative  estimation  of  fluorine,  when  boracic  acid  is  present, 
is  accompanied  with  insurmountable  difficulties.  If  the  solution  be 
acidified  with  nitric  acid,  and  excess  of  carbonate  of  lime  be  then 
added,  and  the  mixture  be  heated  and  filtered,  the  undissolved  por- 
tion does  not  contain  the  whole  of  the  fluoride  of  calcium  correspond- 
ing to  the  fluorine  contained  in  the  solution.  A  metallic  fluoboruret 
is  formed,  which,  when  treated  with  carbonate  of  lime,  is  not  de- 
composed, or  only  partially  so. 

In  insoluble  combinations,  boracic  acid  may  be  completely  sepa- 
rated from  bases  by  fusing  them  with  an  excess  of  an  alkaline  car- 
bonate. At  least,  by  fusing  borate  of  barytes  and  that  of  magnesia 
with  soda,  and  treating  the  mass  with  water,  the  greater  part  of  the 
base  is  obtained  pure  from  boracic  acid. — L'Institut,  Janvier  8,  1851. 


PHOSPHORESCENCE  OF  CHALK  LINES. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
The  interesting  paper  of  Professor  Draper  in  this  month's  Num- 
ber of  your  Magazine  upon  Phosphorescence,  induces  me  to  refer 
to  a  means  of  obtaining  phosphorescence  that  is  difficult  to  recon- 
cile with  the  Professor's  hypothesis.  The  following  are  the  ordinary 
means  of  producing  the  phsenoraenon,  which  I  have  not  seen  noticed 
by  other  experimenters  on  that  subject.  Take  a  piece  of  chalk, 
whiting,  and  I  believe  several  other  substances  that  will  make  a  visi- 
ble line,  and  draw  a  line  upon  a  hot  surface,  such  as  a  piece  of  iron 
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or  tile,  in  the  dark,  and  it  shines  for  a  few  seconds  as  a  line  drawn  by 
a  stick  of  phosphorus  upon  a  wall.  This  is  explained  by  Professor 
Draper's  hypothesis,  in  supposing  that  the  chalk  had  once  been  at  a 
higher  temperature  than  when  used  for  making  the  line,  under  the 
influence  of,  or  exposed  to  light,  the  undulations  of  which  become 
fixed  by  the  cohesion  of  the  molecules  of  the  chalk  consequent  on 
cooling ;  and  the  light,  thus  fixed  within  or  amongst  the  molecules, 
is  set  at  liberty  by  the  high  temperature  of  the  heated  body  on  which 
the  line  is  made,  and  by  completing  its  undulations  becomes  visible 
for  the  time.  But  if  we  prepare  some  chalk  artificially  from  a  solu- 
tion of  lime,  by  passing  carbonic  acid  gas  through  it,  in  a  dark 
room,  and  carefully  exclude  all  approach  of  light  from  the  chalk, 
lines  made  by  this,  will  give  a  phosphorescent  glow  equal  to  ordinary 
chalk,  and  which  I  think  cannot  be  explained  upon  the  Professor's 
hyj)othesis,  but  favours  the  idea  long  held,  that  heat  is  also  a  source 
of  phosphorescence. 

The  development  of  the  phosphorescence  of  these  lines  varies  in 
intensity  and  duration  according  to  the  heat  of  the  body  upon  which 
they  are  made,  the  hotter  the  more  immediate  and  brilliant  the  glow  ; 
whether  that  has  any  relation  to  the  quantity  of  matter  abraded  I 
have  not  determined.  It  seemed  to  me,  when  looking  and  thinking 
upon  the  phsenomenon,  as  if  the  force  or  quantity  of  heat  undulations 
were  retarded  and  produced  a  glow  of  light,  the  same  as  when  an 
electric  current  passing  through  a  bad  conductor  produces  heat. 
This  is  simply  an  idea  which  the  experiment  suggested,  not  the  result 
of  inquiry.  But  if  heat  be  a  source  of  phosphorescence  as  well  as 
light,  instead  of  leading  to  confusion,  as  Professor  Draper  is  afraid  it 
will,  it  may  rather  serve  as  a  further  and  an  important  illustration  of 
the  identity  of  the  two  forces,  heat  and  light. 

Yours  respectfully, 
198  Pitt  Street,  Glasgow,  James  Napier. 

Feb.  9,  1851. 


ANALYSIS  OF  TWO  SAMPLES  OF  SOUTH  AUSTRALIAN  GOLD. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

198  Pitt  Street,  Glasgow, 
Gentlemen,  J^^-  ■^^'  18ol. 

The  following  extract  from  a  letter  I  have  received  may  be  inter- 
esting to  some  of  your  readers. 

Yours  respectfully, 

James  Napier. 

"  The  gold  is  found  in  little  thin  leaflets  amidst  cubical  crystals  of 
oxide  of  iron,  which  is  partly  mixed  with  it,  so  that  it  cannot  be  freed 
entirely  by  mechanical  means.  One  sample,  freed  as  much  as  possi- 
ble by  mechanical  means  of  the  oxide  of  iron,  was  of  specific  gravity 
14"  63,  and  gave  by  analysis — 
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I.  II. 

Gold 87-78  87-77 

Silver    6-07  6-54 

Peroxide  of  iron  by  loss 6-15  5- 69 

10000  10000 

"The  alloy  obtained  was  of  specific  gravity  18-83,  and  gave  by 
analj'sJs — 

I.  II.* 

Gold 93-53  93-06 

Silver    6-47  694 

10000  10000 

"  Another  sample  of  the  alloy  submitted  to  analysis,  gave — 

Gold 96-42 

Silver 3-58 

"  Patent  Copper  Works,  Burra  Burra,  "  Andrew  D.  Thomas." 

June  1850." 


POLARIZATION  BY  CAOUTCHOUC  AND  GUTTA  PERCHA. 
BY  PROF.  CHAS.  G.  PAGE,  M.D. 

Gutta  percha,  when  rolled  into  thin  sheets  or  drawn  into  ropes, 
comports  itself  like  a  fibrous  substance,  which  is  not  the  case  with 
caoutchouc.  A  strip  cut  from  a  thin  sheet  of  gutta  percha  may  be 
stretched  considerably  in  one  direction,  that  is,  in  a  line  with  the 
fibre,  but  any  attempt  to  stretch  it  across  this  line  is  followed  at 
once  by  a  rupture.  It  is  not  so  with  a  sheet  of  caoutchouc,  which 
will  stretch  equally  well  in  all  directions.  On  examination  of  thin 
sheets  of  these  two  substances — so  far  believed  to  be  isomerical — a 
marked  difference  of  texture  is  at  once  perceived.  The  caoutchouc 
gives  little  or  no  change  of  colour,  while  the  gutta  percha  exhibits 
a  beautiful  spectacle.  It  appears  to  be  built  up  of  prisms  of  every 
variety  of  hue,  and,  as  it  were,  fused  into  each  other.  It  resembles 
more  nearly  some  specimens  of  ice  which  I  have  examined  than 
anything  else.  The  caoutchouc  and  gutta  percha  must  be  kept  under 
considerable  tension  during  the  examination. 

There  is  one  mode,  however,  in  which  1  have  produced  some  fine 
figures  by  means  of  caoutchouc.  The  caoutchouc  is  made  into  little 
balloons  in  the  following  manner:  —  A  very  thin  sheet  is  tied  over 
the  end  of  a  tube  of  one-half  inch  bore,  and  the  caoutchouc  blown 
out  into  a  ball  and  firmly  tied  just  beyond  the  end  of  the  tube  with 
a  piece  of  silk.  They  can  M-ith  a  little  practice  be  very  conveniently 
made  by  the  mouth.  The  caoutchouc  is  drawn  over  the  open  mouth, 
and  by  strong  suction  it  is  forced  in,  filling  the  mouth,  when  the 
lips  and  teeth  are  compressed  over  the  outer  portions  so  as  to  form  a 
neck,  which  is  at  once  twisted  up  by  the  fingers  and  secured  with  a 

*  Second  analvsis  done  bv  ^Ir.  Frederick  Walters. 
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string.  The  caoutchouc  thus  highly  stretched  becomes  almost  trans- 
parent ;  and  when  viewed  by  polarized  light,  it  gives,  when  in  this 
constrained  condition,  a  definite  system  of  colours  not  unlike  the 
figures  produced  in  a  circular  piece  of  tempered  glass. — From  Silli- 
man's  American  Journal  for  January  1851. 


METEOROLOGICAL  OBSERVATIONS  FOR  JAN.   1851. 
Chiswick. — January  1.  Densely  clouded  :  boisterous,  with  slight  rain.    2.  Over- 
cast :   cloudy :    densely  overcast.      3.   Hazy  :    heavy  rain  :   overcast.       4.    Hazy  : 
clear.     5.  Very  fine.     6.  Dense  fog.   7.  Foggy:  cloudy  and  fine.     8,9.  Very  fine. 

10.  Kain.  II.  Fine  :  drizzly.  12.  Densely  overcast :  drizzly.  13.  Densely 
clouded.  14,  15.  Fine  :  cloudy.  16.  Very  fine.  17.  Fine  :  heavy  rain  at  night. 
IS,  Clear:  very  fine.  19.  Fine:  cloudy:  overcast.  20.  Densely  overcast; 
boisterous,  witli  rain.  21.  Overcast:  very  fine:  heavy  rain  at  8  p.m.  22.  Clear: 
very  fine.  23.  Frostj- :  fine:  clear  and  frosty.  24.  Dense  fog.  25.  Cloudy: 
overcast.  26.  Fine  :  overcast :  rain.  27.  Clear  :  very  fine.  28.  Very  fine  :  rain. 
29.  Overcast :  boisterous,  with  rain  at  night.  30.  Rain  :  fine  :  rain  at  night.  31. 
Sleet:  rain. 

Mean  temperature  of  the  month     40°'40 

Mean  temperature  of  Jan.  1850     33  '11 

Mean  temperature  of  Jan.  for  the  last  twenty-five  years     .  36  '60 
Average  amount  of  rain  in  Jan 1"60  inch. 

Boston. — Jan.  1.  Cloudy:  stormy  p.m.  2.  Cloudy:  rain  a.m.  and  p.m.  S. 
Cloudy:  rain  p.m.  4.  Cloudy.  5.  Cloudy:  rain  early  a.m.  6,7.  Foggy.  8.  Fine: 
raiu  P.M.  9.  Fine.  10.  Rain:  rain  a.m.  and  p.m.  11 — 15.  Cloudy.  16 — 19. 
Fine.  20.  Fine:  rain  p.m.  21,22.  Fine.  23,24.  Cloudy.  25.  Cloudy: 
rain  p.m.  26.  Fine.  27,  28,  Fine  :  rain  p.m.  29,  30.  Cloudy  :  rain  p.m. 
31.   Fine. 

■Apjilegarlh  Manse,  Duvrfries-shire. — Jan.  1.  Boisterous  day  of  darkness, 
wind  and  rain.  2.  Fearful  night  of  wind  and  rain  :  calm  a.m.  3.  Frost  hard  : 
thick  fog  all  day.  4.  Thaw  :  rain  ;  high  wind  p.m.  5.  Wet  all  day.  6.  Frost 
preceding  night  :  moist.  7.  Frost :  thaw  :  rain  p.ji.  8.  Snow-shower  :  rain  again. 
9.  Frost:  clear:  fine.  10.  Rain:  fog:  continued  drizzle.  11.  Rain  all  day. 
12.  Rain  heavy  during  night:  day  fine.  13.  Drizzle  all  day  :  wind  high.  14. 
Rain  heavy:  drizzle  :  flood.  15.  Rain  am.  :  rain  again  p.m.  16.  Rain  and  high 
wind,  17.  FairA.M.  :  rain  and  wind  P.M.  18.  Frost  slight  a.m.  :  fine  day.  19. 
Showers  :  dull  and  cloudy.  20.  Rain  heavy  all  day  :  flood.  21.  Rain  during 
night:  fine  a.m.  22.  Frost  slight :  occasional  showers.  23,  Fair  and  mild  all 
day.  24.  Fair  a.m.  :  rain  again  p.m.  25.  Rain  heavy  night  and  morning.  26. 
Rain  during  night  :  fair  noon  :  wet  p.m.  27.  Fair  :  calm  :  high  wind  p.m.  28. 
Fair  a.m.  :  rain  and  wind  p.m.  29.  Rain  nearly  all  day  :  flood.  30.  Fair  a.m.  : 
heavy  snow  p.m.     31.    Frost:  fog:  snow  lying:  calm. 

Mean  temperature  of  the  month 40°*4 

Mean  temperature  of  Jan.  1850    30  '8 

Mean  temperature  of  Jan.  for  the  last  twenty-nine  years    ...   34  '7 
Average  rain  in  Jan.  for  twenty-four  years      2*60  inches. 

Sajidwick  Manse,  Orkney. — Jan.  1.  Showers.  2.  Showers  :  sleet :  showers.  3. 
Showers  ;  clear.  4.  Frost :  cloudy.  5.  Showers  :  clear.  6.  Fine  :  clear  :  showers. 
7.  Fine  :  frost :  cloudy.    8.  Bright :  showers.     9.  Showers  :  large  halo.     10.  Rain. 

11.  Cloudy.  12.  Rain:  clear.  13.  Rain  :  cloudy :  clear.  14.  Cloudy:  rain: 
cloudy.  15.  Cloudy  :  drizzle.  16.  Clear  :  rain.  17.  Clear:  large  halo.  18. 
Clear  :  sleet-showers.  19.  Cloudy  :  clear  :  aurora.  20.  Cloudy  :  showers.  21. 
Bright :  cloudy  :  showers.  22.  Sleet-showers  :  showers  :  aurora.  23.  Bright : 
cloudy  :  aurora.  24.  Rain  :  cloudy.  25.  Rain  :  cloudy.  26.  Rain  :  clear  : 
cloudy.  27 — 29.  Rain  :  clear  :  aurora.  30.  Showers:  clear:  hoar-frost.  31, 
Clear  :  frost:  sleet-showers. 


«    55    !     ti 


•3J11IS 

-saujiunci 


•5[D!*siq3 


*XauH->0 


•ajiqs 
-saujiunQ 


CI  00  r-  —  c»  -- 

o  o  o  c»  o  o 


i  s:-  ^'  i  ^  U- "  -•  "•  i  ^  i  i  i  s  I « "  I  i  ^'  g  i  i  s  s'  i  i  i  s 


i  S  ^*  a,-  «  g:  <u  aJ  *   ?  S  B:  ui  *  «  S  ^'  3:   ^  „•  m  fe  S:  (u  <u  ,;  S?  «  «  i  ^ 


4    ^.ii%i 
o    S    ^         ■"    ^ 


.  ^ 


>     •'^     ;/) 


•ui"d  I 
*:(3m8!q3 


i  i  i  <A  >■  o  ^'  ^  S:"  ^  ■:'  i  i  g| 

(B    tn    C  "-    in    71    M    „    —     -    —    —    "> 


mS«    "«««'""'■ 


fe  S   M  S  ^'  ^  ^  *'  Sf 


"   ;     *6 


•UI'B  ^>8 

•uoisoa 


•U!I« 


-«■€ 


*E 


•Ul-B?8 

'uoisoy 


lor^oor^—  OCX)  —  ci<N>rj'*0>r0OiOOiO—  tr)^Oc■1lrtOOCT^■^»a^lrtO^ 
•^•^'MCl'^c'5(McocorO'*'^cO"*'*cO'^i"0'*'*c^cocO'^c*5cOCor^cococ< 


ijr5  ip  i-o  in      lo  "  lo  m 

co^t'^cori'ONm'N  t^ooo  r^io  cooi  mci  Lno^o^o  cocj  cor^noi  o  ino  — 


—  comc^'*—  t~t>C^OMCI>•■^OQ0Ot^00^nOO<S<NlOO^00^«C^OO00 
vO-^roc»50»rOC«C<C«rT»a'.^T3'rre<rr':<C«CT*coC«OICIC<<MO«c-vCO<~0<N 


lo— ■oJt^-^'Oioiocior^ocoicoc^io— "oooovooocjcyior^-tnr^oin 

do  o^O^O^C^C^C^^vj^O^^O^O^O^O^O^C^00  O^O^CT^CO  C^C^C^C^C^O^C^00  O^CT^ 
<N'N<N<N(NOIOIO»OlCN'N01<N<N<NOI(N01<N(NOICNCS<M<M<N!MOI<N(S(N 


or —  ooJooiointso— oor^ajt^rnooc^c^oof^io— crjcDiovocTitoir) 
o^oaj-^c-^-^—  —  r^t-^'poctoqcooror^-rroc^MOMip^ipcpop- 
CTN  0^  0^  0^  0^  C^  0^  0>  0^  C>  C^  CTn  0^  c^  00  cab  0^  ^  O^  O^  C?^  0^  O  C^  0^  0^  0^  0>  C>  0^  0^ 


•q^uopv 
JO  sXbq 


ooor^o^oor^ooor^cxjoo^t-^voio^oc^r^coior-ooooor^— '(o 
—  ciO-^7"  75<N(?<'^cpi;^-^-^(N<jOi_'5— vpco-^OyrCTiixipipioc^rs— CX) 
0^  0\  <^  0^  0^  0^  0^  0^  0^  0^  0^  0^  0^  On  C3D  ON  ^  C^  On  0>  0>  CN  On  On  On  On  On  On  On  ON  00 
<N01<N(MOI<M<MOI<NOJCNOIC<CNO<<N<MC<(M(N<M<N<MOICNO>C^C»<NC<OI 


—   t^  O   OJ 

r^  "N  rr  <N 

lO  On  On  rf 


—  —  C^<N 

-TOO  y3  oo 

^C  O  O  00 


lOOC  o 

lO  o  — 

On  ON  6 
<N  <M  CD 

t^^CX) 
(N  Tt  C» 
LO  —  CO 


lO  CN   O  00  — 
T  ON  OMO  ON 

O  C30  VC  00  CO 


c^  *0  On  On  On 
—  "T  rN  Cn  00 
Ol  On  00  ON  r- 

O  ON  CJN  On  ON 
ro  (N  O  <N  C< 


r^  "M  Tf 

lO    ITN  ON 

•»3-  <N  — 


<N  O  ON 
»N  (N  00 
t^  lO  <N 


o 


THE 
LONDON,  EDINBURGH  and  DUBLIN 

PHILOSOPHICAL  MAGAZINE 

AND 

JOURNAL  OF  SCIENCE. 


[FOURTH  SERIES.] 


APRIL    1851. 

XXXYI.   On  tlie  Laws  of  Magnetism. 
By  JoHX  Tykdall^  P/i.D.,  Marhury^'-. 

§1. 

THE  subject  of  the  present  iiieiiioii-  is  embraced  by  the  fol- 
lov/iui^  four  propositions  : — 

1 .  To  determine  the  general  relation  between  the  strengtJi  of  an 
electro-magnet  and  the  mutual  attraction  of  the  magnet  and  a  mass 
of  soft  iron,  ichen  both  are  in  contact. 

2.  To  determine  the  said  relation  ivhen  the  magnet  and  the  mass 
of  soft  iron  are  separated  by  a  fixed  distance. 

3.  A  constant  force  being  applied  to  the  mass  of  soft  iron  in  a 
direction  opposed  to  the  pull  of  the  magnet,  to  determine  the  con- 
ditions of  eguilibrium  between  this  force  and  magnetism  ichen  the 
distance  between  the  magnet  and  the  mass  varies. 

4.  To  determine  the  general  relation  between  force  and  distance, 
that  is  to  say,  the  law  according  to  which  the  magnetic  attraction 
decreases  when  the  distance  is  increased. 

The  first  of  these  propositions  has  engaged  the  attention  of 
physicists  from  time  to  time  during  a  considerable  number  of 
years.  Experiments  have  been  made  and  facts  multipHed,  which, 
however,  are  so  disunited  and  coutradictoiy  as  to  render  any 
attempt  to  reduce  them  to  a  common  law  altogether  hopeless. 

The  most  important  experiments  which  have  been  made  in 
connexion  with  this  subject  are  those  of  Lenz  and  Jacobi.  By 
these  experiments  it  was  established,  that  the  attraction  between 
two  electro-magnets,  or  an  electro-magnet  and  a  mass  of  soft 
ii'on,  is  proportional  to  the  square  of  the  maguetizing  streamf. 
Here,  however,  an  interval  of  about  joth  of  an  inch  separated 

*  Communicated  by  the  Author, 
t  Poggeadovff's  Aanalen,  vol.  xlvii.  p.  403. 
Phil.  Mag.  S.  1.  Vol.  1 .  Xo.  4.  April  18ol.  T 
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the  attracted  mass  from  the  magnet.  The  importance  of  this 
condition  appears  to  have  been  overlooked  by  the  discoverers  of 
the  law.  It  has  been  generally  assnmed,  that  if  the  defects  inci- 
dental to  the  modes  of  ex])erinicnt  hitherto  adopted  could  be 
a\  oidcd^  the  same  law  would  ])ronounce  itself  in  the  case  of  im- 
mediate contact.  Were  tliis  the  case,  our  two  first  ])roj)ositions 
would  be  identical,  the  solution  of  tlie  one  would  necessarily 
imply  the  solution  of  the  other  ;  it  will  be  shown,  however,  that 
the  laws  in  both  cases  are  entirely  different. 

Two  principal  causes  are  assigned  by  physicists  as  giving  birth 
to  the  discre])ancies  alluded  to — the  incompleteness  of  contact, 
and  the  peculiar  shape  of  the  mass  of  iron  attracted.  The  question 
naturally  occurs,  cannot  these  causes  of  divergence  be  removed  ? 
1.  To  annul,  as  far  as  possible,  the  disturbances  arising  from 
mere  form,  a  number  of  regularly-shaped  masses  of  good  soft 
iron  were  procured ;  they  included  cubes,  cylinders,  and  spheres 
of  various  diameters.  It  is  easy  to  see  the  practical  difficulty  of 
experimenting  with  cubes  and  cylinders ;  indeed,  to  render  such 
experiments  pure,  conditions  are  required  which  it  is  almost  ini- 
j)ossible  to  fulfill.  Conceive  the  cube  suspended  by  a  wire 
attached  to  the  middle  of  one  of  its  faces,  and  laid  with  its  op- 
posite face  flat  upon  the  polished  end  of  the  magnet ;  let  the  wire 
ascend  vertically,  pass  over  a  pulley,  and  be  attached  to  a  scale- 
pan  at  the  other  side  ;  on  this  scale-pan  let  weights  be  laid  until 
the  cube  is  separated  from  the  magnet ;  the  weight  which  effects 
the  separation  expresses  the  sustaining  power.  That  the  experi- 
ment, however,  shall  be  faultless,  it  is  necessary  that  all  parts  of 
the  surface  of  the  cube  should  give  waj^  at  the  same  time,  other- 
wise the  mass  will  hold  on  by  its  edges  and  corners,  and  thus 
totally  vitiate  the  experiment.  To  effect  this,  it  would  be  neces- 
sary, first,  that  the  production  of  the  wire  should  go  exactly 
through  the  centre  of  gravity  of  the  cube  ;  and  secondly,  that  all 
])ortions  of  the  surface  should  be  equally  in  contact,  or  that  any 
deviation  from  the  one  condition  should  be  compensated  by  a  de- 
viation from  the  other.  The  difficulty  of  complying  with  these 
requirements  has  compelled  me  to  abandon  both  cubes  and  cy- 
linders, and  to  resort  to  a  body  with  which  the  smallness  of  the 
surface  in  contact  reduces  the  irregularity  hence  arising  to  a 
minimum  ;  a  body  of  symmetrical  shape,  and  which  is  able  to 
accounnodate  itself  to  the  slight  divergences  of  the  wire.  That 
body  is  the  s])herc. 

2.  The  magnet  used  was  that  formerly  applied  by  my  friend 

Professor  Knoblauch  and  myself  in   an  investigation   '  On  the 

j\Iagneto-optic  Properties  of  Crystals*.^  As  then  used,  it  consisted 

of  two  soft  iron  cylinders  set  upright  in  a  glass  case,  and  united 

*  Phil.  -Mag..  March  1850  aud  Jidv  1850. 
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below  by  a  crosspiece  of  iron.  Round  the  cylinders  were  coiled 
360  feet  of  copper  wire  weighing  nine  pounds,  and  upon  the  top 
of  the  cylinders  two  finely  polished  parallelopipeds  of  iron  were 
laid,  between  which  the  crystal  ^vas  suspended.  In  the  present 
case  the  crosspiece  was  removed,  and  the  two  cylinders  were 
tightly  screwed  together — an  arrangement  pronded  for  in  theii' 
construction — and  thus  converted  into  a  single  powerful  magnet^ 
9  inches  long,  1-3  inch  thick,  surrounded  by  a  helix  containing 
360  feet  of  copper  wire.  The  magnet  was  made  fast  in  a  block  of 
wood,  and  set  vertically  upright  under  one  end  of  the  beam  of  a 
tine  balance ;  fi-om  this  end  a  ball  of  soft  iron  was  suspended  by  a 
copper  wire ;  the  length  of  the  latter  was  so  arranged,  that,  when 
stretched  full,  the  ball  resting  on  the  end  of  the  magnet,  a  whale- 
bone index  pointing  to  a  suitably  graduated  arch  showed  that 
the  balance-beam  was  horizontal.  From  the  other  end  of  the 
beam  a  scale-pan  was  suspended  which  held  the  weights.  Before 
the  experiments,  the  weight  of  the  ball  and  its  attached  wire  was 
exactly  counterbalaiiced  ;  so  that  when  the  magnetism  was  ex- 
cited, the  attractive  force  exerted  on  the  ball  and  measured  by 
the  weights  was  a  purely  magnetic  force. 

After  a  few  experiments  a  slight  modification  of  the  above 
arrangement  was  found  necessaiy.  The  end  of  the  iron  core  on 
which  the  ball  rested  had  a  little  cavity  in  its  centre,  which  re- 
sulted from  its  having  been  turned  in  a  lathe.  It  being  abso- 
lutely necessary  that  the  ball  should  rest  exactly  upon  the  centre, 
one  of  the  soft  iron  parallelopipeds  before  alluded  to  was  placed 
upon  the  end  of  the  maguet.  The  two  diagonals  v.ere  drawn 
upon  one  of  its  polished  faces,  and  the  sphere  of  soft  iron  always 
rested  upon  the  point  of  intersection. 

3.  Dm-ing  the  investigation,  the  battery,  the  magnet,  and  the 
insti-nment  used  to  measure  the  intensity  of  the  current  ( Weber^s 
galvanometer  of  tangents),  were  in  three  different  rooms.  From 
the  poles  of  the  battery  two  long  bands  of  sheet  copper  ran  side  by 
side,  and  passed  thus  under  the  door  into  the  room  which  con- 
tained the  magnet.  After  passing  the  door,  they  diverged;  one 
went  to  the  magnet,  and  the  other  to  the  galvanometer  of  tangents, 
with  one  foot  of  which  it  was  connected ;  a  similar  band  went  from 
the  other  foot  direct  to  the  magnet.  These  two  feet  were  nothing 
more  than  the  extremities  of  a  ring  of  copper  bent  backwards ; 
the  cylindrical  bar  of  copper  which  composed  the  ring  was  jths 
of  an  inch  thick,  and  formed  a  circle  of  a  foot  inner  diameter ; 
this  was  tixed  in  a  steady  frame,  and  always  stood  vertical. 
Coincident  with  the  vertical  diameter  of  the  ring  a  thread  of 
cocoon  silk  was  suspended,  which  supported  a  small  magnetic 
needle;  this  s"n'ung  horizontally  in  a  chcular  box,  the  circum- 
ference of  which  was  divided  into   degrees,  the  centre  of  the 
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ncccllc  coinciding  with  the  centre  of  the  ring.  The  inj^ti'uincnt 
Ava3  so  phiccd  that  the  plane  of  the  ring  was  parallel  to  the  mag- 
netic meridian ;  or,  iu  other  w^ords,  so  that  needle  and  ring  were 
in  the  same  ])lanc.  Vt'hen  a  cnrrcnt  was  sent  ronnd  the  latter, 
the  needle  was  dcdected  to  the  right  or  to  the  left,  according  to 
the  direction  of  the  current,  nntil  a  position  of  equilihrium  be- 
tween the  action  of  the  latter  and  the  earth's  magnetism  was 
attained.  The  angle  which  the  needle  then  made  with  tht-  mag- 
netic meridian  could  be  read  off  on  the  graduated  circumference 
of  the  box,  and  it  is  easy  to  demonstrate  that  the  tangent  of  this 
angle  is  directly  proportional  to  the  intensity  of  the  current.  To 
protect  the  needle  from  local  disturbance  by  the  stream,  it  was 
so  arranged  that  the  copper  bands  to  and  from  the  instrument 
ran  close  side  bv  side,  and  thus  annulled  each  other's  action. 
The  current  thus  proceeded  from  the  battery  to  one  leg  of  the 
tangent  galvanometer,  up  this  leg,  round  the  ring,  acting  on  the 
needle  in  its  passage,  down  the  other  leg,  thence  to  the  magnet, 
from  which  it  returned  to  the  battery. 

In  the  course  of  the  investigation,  I  found  it  convenient  to 
substitute  for  the  tangent  gahanomctcr  above  described  another, 
for  w^hich  I  am  indebted  to  the  kindness  of  Professor  Bunsen. 
The  ring  of  the  latter  is  of  16  inches  inner  diameter,  the  dia- 
meter of  the  needle-box  is  7  inches,  and  the  limb  is  graduated  to 
intervals  of  iC.  The  needle  is  short,  and  carries  at  one  end  a 
straight  fibre  of  glass,  as  fine  as  a  hair,  which  points  to  the  gra- 
duated circle.  To  avoid  parallax,  th.e  fibre  was  reflected  from  a 
metallic  surface  underneath ;  in  reading  off,  the  fibre  covered  its 
image.  The  needle  conies  quickly  to  rest ;  ami  by  means  of  a 
small  eye-glass,  the  angle  can  be  read  to  5'  with  the  greatest  ease. 

4.  We  have  here  the  means  of  exciting  the  magnet  and  of 
measuring  the  power  of  the  exciting  current,  but  not  yet  the 
means  of  varving  the  latter.  This  was  effected  by  a  rheostat, 
which  was  jdaced  \ipon  the  same  bench  v.ith  the  magnet.  The 
instrument  consisted  of  a  stone  cylinder  capable  of  being  turned 
by  a  handle.  Hound  the  cylinder  a  thin  wire  was  coiled,  which 
offered  a  powerful  resistance  to  the  passage  of  the  cun-ent.  By 
turning  the  handle,  any  required  length  of  this  wire  could  be 
thrown  into  the  circuit,  and  the  jiower  of  the  current  thus  varied 
at  pleasure. 

5.  The  following  is  the  method  which  was  first  pursued  in  the 
experiments,  and  is  in  substance  the  same  as  that  usually  adopted 
in  cases  of  this  natm'e : — The  iron  ball  being  balanced  in  the 
manner  before  described,  a  cun-ent  was  sent  round  the  magnet ; 
the  ball  was  attracted,  and  came  to  rest  on  the  centre  of  the  sur- 
face presented  to  it.  Vv'eights  were  then  laid  upon  the  opposite 
scale-pan  until  the  ball  was  torn  away,  the  weight  necessary  to 
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effect  this  being  taken  as  the  equivalent  of  the  attracting  force. 
Although  every  precaution  vi-as  taken  to  secure  accuracy,  the 
results  thus  obtained  were  not  so  satisfactoiy  as  might  be  desii*ed  ; 
for  even  when  the  current  remained  constant,  the  weight  necessary 
to  separate  the  ball  varied  considerably  in  different  experiments. 
This  was  also  the  case  when  line  shot  was  poured  upon  the  scale- 
pan.  In  the  laying  on  of  weights  or  the  pouring  in  of  shot,  it  is 
scarcely  possible  to  avoid  a  vibration  of  the  beam,  which  com- 
municates itself  to  the  ball  in  a  series  of  slight  jerks  directed 
upwards.  The  weight  u])on  the  opposite  scale-pan  is  ever  ready 
to  take  advantage  of  the  slightest  loosening  of  the  ball  occasioned 
by  these  little  jerks,  and  hence  a  separation  may  take  place  which 
is  not  due  to  a  fair  overpowering  of  the  magnet  by  gravity. 

6.  A  considerable  number  of  experiments  had  been  made  in 
this  manner,  when  the  tliought  occurred  to  me  that  the  above 
cause  of  disturbance  might  be  removed  by  using  a  variable  mag- 
net and  fixed  weight  instead  of  a  fixed  magnet  and  a  variable 
weight.  Hitherto  I  had  excited  the  magnet  by  a  certain  current, 
and  added. weights  until  the  ball  gave  way.  The  method  which 
now  suggested  itself  was  to  lay  a  certain  weight  u])on  the  scale- 
pan,  and  slowly  to  reduce  the  magnetic  povver  until  a  separation 
should  take  place.  By  means  of  the  rheostat  I  had  this  com- 
pletely in  my  power,  and  a  few  trials  sufficed  to  demonstrate  the 
superiority  of  this  mode  of  experiment  over  the  former. 

The  method  of  proceeding  being  thus  determined,  a  friend  in 
whose  skill  and  fidelity  I  could  rely*  took  charge  of  the  reading 
of  the  tangent  galvanometer.  1  took  up  my  place  before  the 
magnet,  weighted  the  balance,  turned  the  rheostat,  and  observed 
the  moment  of  separation  ;  at  the  same  moment  the  turning  of 
the  rheostat  ceased,  and  the  angle  of  deflection  v»as  called  out. 

§  2. 

7.  Proposition  I. — Tu  determine  the  general  relation  between 
the  strength  of  an  electro -mag  net  and  the  mutual  attraction  of 
the  magnet  and  a  mass  of  soft  iron,  when  Loth  are  in  contact. 

It  is  necessary  here  to  detine  what  is  lueant  by  "  the  strength 
of  an  electro-magnet." 

A  magnetized  needle  set  perpendicular  to  the  magnetic  meri- 
dian is  solicited  towards  that  meridian  by  the  earth's  magnetism 
with  a  certain  force,  H. 

A  magnetized  needle  set  parallel  to  the  magnetic  meridian, 
operated  on  by  a  magnet  set  pci'pendicular  thereto,  and  so  that 
the  axis  of  the  magnet  produced  shall  strike  the  centre  of  the 
needle,  is  solicited/ro/?*  the  magnetic  meridian  by  a  certain  force, /<. 

When  the  earth  and  the  magnet  act  together  upon  the  needle, 
'•'  Mr.  Thomas  Hirst. 
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it  will  take  up  a  position  ob!i([iU'  to  the  magnetic  meridian.    Let 
the  anijle  which  the  needle  makes  with  the  latter  be  a. 

The  effective  portion  of  II  which  now  tends  to  turn  the  needle  is 

}{  sin  a. 
The  portion  of  h  which  tends  to  turn  the  needle  in  the  oppo- 
site direction  is 

h  cos  a. 

These  forces  are  now  in  equilibrium,  and  hence 
H  sin  «  =  A  cos  u, 
or 

A=H  tan«. 

Supposing  the  power  of  the  magnet  to  be  changed,  that  it  has 
become  stronger  or  weaker,  without  however  having  its  position 
changed.  Let  //  be  the  force  corresponding  to  h  in  the  former 
case,  and  a'  the  angle  corresponding  to  «,  then  Ave  have 

h'  =  H  tan  a', 
and  hence 

h        tan  a* 
h'        tana' 

The  quantities  h  and  h'  express  the  relative  streng-ths  of  the 
magnet,  these  strengths  being  proportional  to  the  tangent  of  the 
angle  which  the  needle  makes  with  the  magnetic  meridian. 

8.  If  the  magnet  be  an  electro-magnet,  we  have  the  means  of 
measuring  the  intensity  of  the  current  which  circidates  in  the 
surrounding  helix.  AVe  know  that  this  intensity  is  proportional 
to  the  tangent  of  the  angle  (/3)  which  the  needle  of  the  tangent 
galvanometer,  under  the  influence  of  the  current,  makes  with  the 
magnetic  meridian. 

9.  Leuz  and  Jacobi  have  proved,  that  for  a  double  intensity 
tangent  «  is  doubled,  for  a  treble  intensity  it  is  trebled;  in 
general,  that  the  strength  of  the  magnet  is  directly  proportional 
to  the  intensity  of  the  exciting  currentf.  But  the  latter,  as  we 
have  said,  is  proportional  to  tangent  /3 ;  and  hence,  in  the  follow- 
ing investigation,  tan  /S  is  assumed  to  express  "  the  strength  of 
the  magnet.'^ 

M.  Miiller  of  Freiburg,  as  will  be  seen  from  a  "  report  ^^  con- 
tained in  the  preceding  Number  of  this  Magazine,  denies  the 
imiversality  of  this  law.     But  a  reference  to  the  dimensions  of 

*  The  same  demonstration  holds  good  for  the  tatigent  galvanometer, 
if  instead  of  the  magnet  in  its  different  states  we  substitute  currents  of 
different  jiowers.  The  tendency  of  the  latter  being  to  set  the  needle  at 
right  angles  to  the  magnetic  meridian,  their  action  is  precisely  similar  to 
that  of  the  magnet. 

t  Poggendorff's  Annalen,  vol.  xlvii.  p.  244. 
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our  maguet  will  show,  that,  even  supposing  M.  Ivliiller's  objec- 
tions to  be  well-grounded,  they  are  not  in  the  slightest  degree 
applicable  at  present.  In  all  cases  the  traigeut  of  the  aforesaid 
angle  may  be  taken  as  the  accurate  expression  of  the  magnetic 
force. 

10.  Table  I.  contains  the  results  obtained  dui-iug  one  of  the 
earhest  trials  of  the  new  method  of  experiment.  After  balancing 
the  ball,  a  weight  of  300  grammes  was  laid  upon  the  scale-pan,  the 
rheostat  being  so  arranged  that  vciy  little  wire  was  in  the  circuit. 
The  magnet  was  excited  and  the  ball  attracted.  By  turning  the 
handle  of  the  rheostat,  and  thus  slowly  damping  the  current,  a 
point  was  at  length  attained  where  the  ball  gave  way ;  here  the 
turning  of  the  handle  ceased,  and  the  angle  was  read  off.  The 
rheostat  was  then  turned  backwards  to  its  former  position,  a 
weight  of  10  grammes  was  added  to  the  300,  and  the  same  pro- 
cess repeated.  A  series  of  ecpiivalents  for  the  magnetic  attraction 
was  thus  found,  increasing  by  a  common  diffci-ence  10.  The 
angles  and  the  weights  corresponding  to  them  are  set  side  by  side 
in  the  follo\\'ing  table,  the  former  being  expressed  in  degrees  aud 
decimals  of  a  degree. 

11.  To  ascertain  the  ratio  of  the  weight  to  the  corresponding 
magnetic  force,  the  former  ought,  strictly  speaking,  to  be  divided 
by  tan  yS ;  but  for  the  angles  which  here  appear,  the  tangents  are 
proportional  to  the  arcs,  and  hence  the  latter  are,  in  the  present 
instance,  made  use  of  as  divisors.  In  all  other  tables  throughout 
this  memoir  the  angles  are  expressed  in  degrees  and  minutes ; 
and  the  tangents  of  the  angles,  instead  of  the  arcs  themselves, 
are  made  use  of. 

Table  I. 


W 

/3. 

\V. 

0" 

o 

grnis. 

8-5 

300 

35-3 

8-8 

310 

35-2 

9-12 

320 

35-3 

9-5 

330 

34-8 

9-64 

MO 

35-3 

1000 

350 

35  0 

10-25 

360 

351 

10-5 

370 

35-0 

10-75 

380 

35-3 

11-0 

390 

35-4 

11-25 

400 

35-5 

11-5 

410 

35-6 

11-62 

420 

35-8 

12-0 

430 

35-8 

272  Dr.  Tyiulall  uu  the  Laws  of  Magnetism. 

The  weights  here  aj)])Ued  vary  only  Avithin  narrow  limits. 
Another  series  of  experiments,  comuicneins:  witli  800  grammes 
and  ending  with  900,  Ibllows.  Au  addition  of  100  gramme.s  was 
made  at  every  new  determination.  For  the  sake  of  convenience, 
the  weight  is  made  the  divisor;  and  to  avoid  decimals,  tan  /3  is 
multiplied  by  10000  =  ry. 


Table  II. 

q  tan^ 

grms.  o        / 

300  6  35  3-83 

400  9  15  407  - 

500  11  30  406 

600  13  30  4-00 

700  16     0  4-10 

800  17  53  4-04 

900  20     0  4-04 

Another  series,  in  v>hich  150  grammes  were  added  after  each 
experiment,  is  here  introduced. 


q  tan  ^3 

w. 

^. 

W 

crn-.s. 

300 

7  0 

410 

450 

10  15 

403 

600 

13  40 

4-05 

750 

17  25 

4-19 

900 

20  10 

4-08 

In   Table  I.  we  observe  that  -^  is  a  constant  onantitv.  and 

in  the  other  tal/ies  we  see  that    '         is  constant.     This  leads  us 

to  the  following  law  : — TJte  muftial  attraction  of  an  electro-magnet 
and  a  sphere  of  soft  iron,  vhen  Iwth  are  in  contact,  is  direct bj  pro- 
portional to  tite  stre7i(/th  of  the  magnet. 

12.  The  helix  which  surrounded  the  core  used  by  Lenz  and 
Jacobi  was  composed  of  two  separate  wires.  The  two  ends  of 
one  of  these  wires  were  connected  with  the  poles  of  the  batteiy, 
while  the  ends  of  the  other  were  connected  with  a  galvanometer. 
On  sending  a  current  througli  the  former,  an  instantaneous 
stream  was  induced  in  the  latter,  which  ran  round  the  galvano- 
meter, imparting  in  its  passage  a  shock  to  the  magnetic  needle 
of  the  instrument.  Calling  the  extreme  angle  attained  by  the 
needle  in  consequence   of  this   shock   </>,   it  is  easy  to  prove 
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that  the  iuduced  ciirreut  is  proportional  to  sin  -  <^.     But  the 

magnetism  of  the  core  is  known  to  be  proportional  to  the  in- 
duced current  which  it  is  able  to  excite*^  and  hence  we  have  the 

strength  of  the  magnet  proportional  to  sin  ^  ^.     The  magnet 

with  which  I  experimented  vras  not  farnit;lied  with  two  ^\•ires 
such  as  those  described;  but  a  second  helix  happened  to  be  at 
handj  into  which  a  moveable  core  could  be  introduced.  This 
helix  was  placed  upon  the  end  of  the  magnet  and  the  core 
introduced,  so  that  its  axis  was  a  continuation  of  the  axis  of  the 
magnet.  On  exciting  the  latter  the  core  was  also  excited,  and 
thus  a  current  was  aroused  in  the  v  ire  of  the  surrounding  helLx 
which  was  connected  with  an  astatic  gahanometer.  It  was  ne- 
cessary that  the  latter  instrument  should  stand  at  a  distance 
from  the  current,  and  it  was  also  uecessai-y  that  the  current  could 
be  interrupted  or  re-established  in  an  instant.  A.  glass  Anth  a 
quantity  of  mercuiy  was  introduced  into  the  circuit ;  two  stout 
copper  wires  connected  with  the  bands  of  sheet  copper  before- 
mentioned  dipped  into  the  glass ;  one  of  these  turned  on  a  kind 
of  hinge,  which  permitted  of  its  being  lifted  out  of  the  mercuiy. 
To  this  wire  a  string  v\"as  attached,  which  passed  over  a  pulley 
placed  above  it  and  thence  to  the  galvanometer.  Standing  at  a 
distance  from  the  current,  it  was  thus  in  the  observer's  power  to 
break  it  or  establish  it  in  a  moment.  By  ])ulling  the  string,  the 
vdre  left  the  mercury  and  the  circuit  was  broken ;  by  letting  thb 
strmg  go,  the  wire  fell  into  the  mercury  again  and  the  circuit 
was  closed. 

13.  In  this  way,  not  only  the  indications  of  the  tangent  galva- 
nometer, but  also  those  of  the  astatic  galvanometer  were  observed 
for  each  weight.     The  strength  of  the  magnet  being,  as  before  ob- 

served,  propoi'tional  to  sin  -  ^,  the  quotient - ought  to  be 

a  constant  quantity,  and  hence 

^^^nsin^ 
W  W      ' 

where  n  is  a  constant  which   expresses  the  ratio  of  tan  yS  to 

•    1^ 
sni-<p. 

In  the  following  series,  n  is  equal  to  0-71 ;  both  quotients  are 
multiplied  \>j  q  for  the  reason  before  assigned. 

*  Poggeniloi-ff's  Annalen,  vol.  xlvii.  p.  230. 
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Table  III. 

w. 

/3. 

1*. 

q  tan  ^ 

w  ■ 

071  ?sm-(/) 
W 

grms. 

300 

8  15 

11  45 

4-83 

4-83 

400 

11   10 

15  30 

4-92 

4-90 

500 

13  25 

19  45 

4-78 

4-80 

600         15  45         23  30  470  4-72 

700         18  00         27  30  464  4-68 

800         20  00         32  00  4-55  4-69 

We  thus  sec  that  the  so-called  '  liftinjr  powei* '  of  the  magnet, 
when  the  causes  of  disturbance  which  have  hitherto  hampered 
all  inquiries  on  this  subject  are  removed,  and  a  delicate  mode  of 
experiment  is  adopted,  obeys  a  law  of  extreme  simplicity*. 

§3. 

14.  The  order  of  the  propositions  at  the  commencement  is 
that  which  I  thought  best  calculated  to  convey  an  idea  of  the 
nature  of  the  investigation.  It  will  be  shown,  however,  that  the 
third  and  fourth  ])ropositions  once  solved,  the  second  may  be 
derived  from  them  as  a  corollary ;  I  shall  therefore  ])ass  on  to 
the  consideration  of — 

Proposition  III.- — A  constant  force  being  applied  to  a  mass  of 
soft  iron  in  a  direction  opposed  to  the  pull  of  the  magnet,  to  detei'- 
mine  the  conditions  of  ecpiilihrium  between  tJiis  force  and  magnetism 
ivhen  the  distance  between  the  magnet  and  the  mass  varies. 

15.  A  sheet  of  very  thin  foreign  post  paper  was  cut  into  a 
number  of  small  squares.  By  measurement  with  the  sphereo- 
meter,  the  paper  was  found  to  be  jo^oo^^^^^  of  an  inch  in  thickness. 
One  of  these  squares  was  laid  upon  the  Hat  pole ;  the  magnet 
was  excited,  and  the  iron  ball  brought  down  upon  it,  A  weight 
of  100  grammes  was  placed  upon  the  opposite  scale-pan,  the 
handle  of  the  rheostat  was  slowly  turned  till  the  ball  gave  way, 
and  the  angle  of  the  tangent  galvanometer  was  then  read  off.  A 
second  leaf  was  laid  upon  the  former,  the  rheostat  was  brought 
back  to  its  original  position,  the  ball  was  brought  down  upon 
the  paper,  and  exactly  the  same  process  was  repeated.  The 
weight  on  the  scale-pan  remained  constant  during  the  entire 

*  The  method  of  proving  the  strength  of  a  magnet  before  the  year  1780, 
when  Coulomb  published  his  researches,  which  method  consisted  simply  in 
ascei-tiiining  how  much  the  magnet  was  able  to  lift,  appears  from  the  above 
to  be  essentiallv  conect. 
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series  of  experiments,  viz.  100  grammes.  Now  it  is  easy  to  see, 
that  the  greater  the  distance  which  separates  the  ball  from  the 
magnet,  the  greater  must  the  power  of  the  latter  be  to  counter- 
balance the  force  acting  against  it.    We  have  thus  the  equation 

m=f{d), 

where  m  represents  the  magnetism  of  the  core,  and  f/the  distance 
which  separates  ball  and  magnet.  It  will  be  proved  immediately 
that  this  function  possesses  the  form 

m=^n\/d, 

where  »  is  a  constant.  This  expressed  in  words  announces  the 
remarkable  law,  that  ivhen  the  distance  between  the  magnet  and 
the  sphere  of  soft  iron  varies,  and  a  constant  force  opposed  to  the 
pull  of  the  magnet  is  applied  to  the  latter,  to  hold  the  ball  in  equi- 
librium the  power  of  the  magnet  )nust  vary  as  the  square  root  of 
the  distance. 

The  quantity  m  is  expressed  by  tan  /8.     The  proof  of  the  above 
law  will  therefore  depend  on  the  fulfilment  of  the  equation 

tan/3 

— TT  =  const. 
vd 

In  the  following  table  the  thickness  of  a  leaf  is  taken  as  the 
unit  of  distance,  and  tan/3  is  multijilied  by  100  =  ;-. 


Table  IV. 

rtan/3 

Number  of  leaves. 

^• 

Vd. 

1 

6  10 

10-9 

2 

8  45 

10-9 

3 

10  45 

10-9 

4 

12  00 

10-6 

5 

13  20 

10-6 

6 

14  25 

10-5 

7 

15  50 

10-7 

8 

16  40 

10-G 

9 

17  45 

10-7 

10 

18  30 

10-6 

le  follo^dng  series    the   experiments  ai 

In  the  follo^dng  series  the  experiments  are  continued  to 
greater  distances.  A  constant  weight  of  200  grammes  was  here 
placed  upon  the  scale-pan. 
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r  tau  /3 


Number  of  leaves. 

/3. 

v^  ' 

11 

23  45 

13-2 

12 

24  45 

13-3 

13 

25  15 

131 

14 

26     5 

13-1 

15 

27  10 

13-2 

16 

27  50 

13-2 

17 

28  35 

13-2 

18 

29  00 

131 

19 

29  50 

131 

20 

30  15 

130 

21 

31     0 

13-3 

22 

31  40 

13-2 

23 

32  25 

13-2 

24 

33  10 

13-3 

here  observe  that 

the  condition 

tan/3 

/  1   — 

,  ,    =  const,  is  satisfied 
vd 

to  a  remarkable  degree  of  exactitude. 

16.  Considering  tlie  clcctro-magnet  in  its  separate  states^ 
during  the  above  experiments,  to  represent  a  number  of  distinct 
magnets  of  different  strengths,  we  see  that  if  one  magnet  have 
twice  the  strength  of  another,  and  if  tlie  latter  exercise  a  certain 
force  at  a  certain  distance,  the  former  will  exercise  an  equal  force 
at  four  times  this  distance ;  if  one  magnet  have  three  times  the 
strength  of  the  other,  the  former  will  exercise  an  equal  force  at 
nine  times  the  distance;  and  so  on. 

§4. 

17.  An  apparently  well-grounded  doubt,  however,  may  attach 
itself  to  all  these  experiments.  In  damping  the  current,  we 
descended  from  a  point  at  which  the  full  power  of  the  latter  was 
exerted  to  that  at  which  the  ball  gave  way.  Now  it  is  well 
known  that  a  soft  iron  core,  when  once  excited,  does  not  instantly 
lose  its  magnetism  on  the  cessation  of  the  current,  but  continues 
active  for  a  short  time  afterwards.  The  question,  "  may  not  the 
magnetism  lac/  in  the  core  during  the  descent  above  alluded  to,^' 
naturally  suggests  itself  here.  But  if  the  decrease  of  the  stream 
be  not  immediately  accompanied  by  a  ])roportionate  fall  of  the 
magnetic  power,  the  strength  of  the  magnet  at  the  moment  the 
ball  separated  is  not  the  true  strength  due  to  the  current  the7i 
present,  but  a  strength  due  to  a  greater  current.  It  will  be  seen 
immediately  that  experiment  seems  to  justify  this  doubt. 

18.  To  avoid  everything  of  this  kind,  it  was  only  necessaiy  to 
ascertain  pretty  nearly  beforehand  at  Avhat  particular  point  in 
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the  wive  of  the  rheostat  the  ball  gave  way ;  and  then^  instead  of 
tiirnins  the  handle  backv.ai-ds  imtii  all  the  Avire  was  excluded, 
to  tuni  it  back  so  far  as  to  permit  the  passage  of  a  current  which 
v.as  barely  sufficient  to  overcome  the  weight  upon  the  scale-pan. 
The  descent  from  this  point  to  that  where  the  ball  separated  was 
so  veiy  short,  that  the  fraction  of  magnetism  remaining,  if  such 
remained  at  all,  might  be  neglected.  Applying  this  mode  of 
experiment,  the  case  of  contact  v\'as  first  investigated  with  three 
smooth  spheres  of  the  following  dimensions  : — 

No.  1,  diameter  0-95  of  an  inch,  weight  65"25  grms. 
No.  2,       ...       0-48         ...  ...      9- 

No.  3,       ...       0-.287       ...  ...       17       ... 

The  arrangement  of  the  following  table  is  similar  to  that  of 
Table  II.  In  each  case  the  angle  given  is  the  mean  of  four  ob- 
senations. 


Table  V. 


No.  1. 

No.  2. 

No.  3. 

w. 

l8. 

ytan/3  j 

\V. 

^. 

qtaxifi 

1 

W. 

/3. 

stan/3 

grms. 

^ 

j 

grms. 

grms. 

o 

250 

7  'l 

4i)2 

100 

7  40 

135 

30 

7  24 

4-33 

275 

7  25 

4-72 

125 

9  27 

13-3  i 

40 

9  36 

4-22 

300 

!  8  1 

4-70 

150 

11  10 

13-2  \ 

50 

10  53 

384 

325 

■     8  38 

4-67 

200 

14  0 

12-4  , 

60 

12  31 

3-70 

350 

i  9  7 

4-57 

225 

15  1 

11-9  ' 

70 

14  30 

3-70 

375 

1  9  43 

4-56 

250 

16  30 

11-8 

80 

16  1 

3-58 

400 

!  10  15 

452 

275 

18  2 

11-8 

90 

17  28 

3-50 

425 

\   10  55 

454 

300 

19  3 

11-8 

100 

18  26 

3-33 

450 

1  11  27 

4-51 

325 

20  20 

11-4 

110 

19  53 

3-26 

475 

!  11  47 

4-40 

350 

21  21 

11-2 

120 

21  27 

3-27 

500 

!  12  17 

4-36 

375 

22  15 

10-9 

130 

22  42 

3-21 

525 

1  12  53 

4  36 

400 

23  17 

10-7 

140 

23  37 

312 

550 

13  22 

4-33 

425 

24  40 

108 

150 

25  0 

310 

575 

13  53 

4-2y 

450 

25  41 

10-6 

160 

26  7 

306 

600 

14  16 

4-23 

475 

26  36 

'  10-5 

170 

27  3 

300 

650 

15  18 

4-21 

500 

27  41 

10-5 

180 

28  58 

307 

700 

16  10 

414 

525 

28  37 

i  10-4 

190 

29  41 

300 

750 

17  6 

410 

550 

29  48 

10-4 

200 

31  48 

310 

800 

17  57 

405 

575 

30  27 

102 

850 

18  48 

403 

600 

31  3;i 

10-2 

900 

1  19  48 

400 

i 

i 

19.  In  all  these  cases  we  observe  a  gradual  decrease  of  the 
quotient  -^ —  from  top  to  bottom.  The  same  discrejjancy  ex- 
hibits itself  when  we  operate  with  the  leaves.  This  is  s1io\\ti  by 
the  following  table,  the  an'ans:ement  of  which  is  similar  to  that 
of  Table  IV. 
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Table  VI. 


Ball  No.  ] 

.  Weight  100  grms. 

Ball  No.  2 
20  g 

.  Weight 
'^rms. 

Ball  No.  3.  Weight 
10  grms. 

Number  of 
leaves. 

ft- 

rtan/3 

P- 

r  tan  l3 

ft- 

rtan/3 
^d    ' 

1 

.:....' 

10  40 

18-8 

2 

14  26 

181 

3 

U"28 

'ii7 

ii  17 

il-5 

17     5 

177 

4 

12  59 

11-5 

12  45 

11-3 

19     8 

17-3 

5 

14    0 

111 

13  51 

11-0 

20  57 

171 

6 

14  52 

10-8 

15     6 

110 

22  51 

17-2 

7 

15  46 

107 

16  10 

10-8 

24  22 

171 

8 

16  41 

10-6 

17    2 

10-8 

25  51 

171 

9 

17  16 

10-4 

17  56 

108 

10 

18    0 

10-3 

18  32 

106 

11 

18  41 

10-2 

19  21 

10  5 

12 

19  12 

100 

20  12 

10-6 

13 

19  57 

100 

20  52 

10-5 

14 

20  17 

9-9 

21  22 

10-4 

15 

20  47 

9-8 

22  00 

10-4 

16 

21  22 

9-8 

22  42 

10-4 

17 

21  41 

9-6 

23  17 

10-4 

18 

22     1 

9-5 

23  55 

104 

19 

22  34 

9-5 

24  34 

10-4 

20 

23     0 

9-5 

25     1 

10-4 

21 

23  22 

9-4 

25  40 

10-4 

22 

23  44 

9-4 

26    5 

10-4 

23 

24  10 

9-3 

26  31 

10  4 

24 

24  39 

9-3 

27  01 

104 

25 

24  52 

93 

27  25 

10-4 

26 

25  32 

9-4 

27 

25  57 

9-4 

28 

26  15 

9-3 

29 

26  34 

9-3 

30 

26  55 

9-3 

20.  The  deviations  here  exhibited  are  such  as  might  be  sup- 
posed to  occur,  were  the  doubt  mentioned  at  the  commence- 
ment of  this  section  well-grounded.  For  when  the  weights  are 
small,  as  at  the  beginning  of  the  columns,  if  we  commence  at 
the  top  of  the  rheostat  a  long  descent  is  necessary  before  the 
ball  yields ;  and  it  seems  reasonable  to  infer,  that,  the  longer 
the  descent,  the  greater  would  be  the  amount  of  Icifjying  mag- 
netism present  in  the  core  at  the  moment  of  separation.  Two 
couibined  causes  would  thus  operate  to  hold  the  ball ;  the  mag- 
netism due  to  the  current,  and  that  which  lingers  behind  the 
current.  It  is  evident  tliat  were  the  latter  removed,  to  hold  the 
ball  we  nuist  increase  the  former.  Any  mode  of  experiment, 
therefore,  which  docs  away  with  this  lingering  portion  of  the 
force  of  the  magnet  ought  to  give  us  greater  deflections  than  a 
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method  which  peraiits  of  its  exhibition,  the  increase  being  most 
appreciable  where  the  weights  are  smaU.  This  our  last  mode  of 
experiment  actually  does.  Were  the  angles  at  the  top  of  the  co- 
lumns in  the  last  two  tables  a  little  smaller,  the  results  would  be 
the  same  as  those  in  Tables  I.  II.  and  III.  It  seems,  therefore, 
at  first  sight  fair  to  attribute  the  extraordinary  agreement  among 
the  earlier  results,  in  part,  to  lagging  magnetism,  and  hence  to 
infer  that  the  law  is  not  so  precise  and  simple  as  they  would  in- 
dicate. 

21.  Plausible  as  this  appears,  I  cannot  accept  it  as  the  true 
explanation  of  the  above  divergences.  If  they  be  due  to  lagging 
magnetism,  it  is  only  necessary  to  give  the  magnet  time  to  sub- 
side to  cause  this  to  disappear.  The  old  method  of  experiment 
was  again  resorted  to.  A  weight  of  500  grammes  was  laid  upon 
the  scale-pan,  and,  commencing  at  the  top  of  the  rheostat,  the 
handle  was  turned  and  the  current  damped  imtil  the  ball  gave 
way.  This  was  found  to  occur  as  the  handle  of  the  instii'ument 
made  its  thirty-seventh  revolution.  A  series  of  four  descents  were 
first  made,  slowly,  but  without  pausing ;  then  four  more,  stopping 
for  two  minutes  at  the  thirty-fifth  revolution,  and  thus  allo-^^-ing 
the  lagging  magnetism,  if  such  existed,  to  subside.  Supposing 
such  to  exist,  then  the  deflections  exhibited  in  the  last  fom*  ex- 
periments must  be  greater  than  those  exhibited  in  the  fii'st  four ; 
for  the  subsidence  of  the  lagging  magnetism  must  be  compen- 
sated by  an  increase  of  current,  the  said  increase  being  indicated 
by  a  greater  angle.  This  conclusion,  which  necessarily  flows  from 
the  above  assumption,  is,  however,  diametrically  opposed  to  fact. 
The  angles  in  the  last  foui'  experiments,  instead  ©f  being  greater, 
are  actually  less  than  the  others.     They  are  as  follows : — 


Weight  500  gramm 

es. 

Pausing  2'  at  the 

Without  pausing. 

'Sbxh  revohitiou. 

1 

11    25 

11  io 

2 

11  15 

11   10 

3 

11  25 

11     0 

4 

11  10 

11     5 

It  is  thus  proved  that  the  deviations  cannot  be  accounted  for 
on  the  supposition  that  the  magnetism  lingers  in  the  core  after 
the  current  has  fallen.  Further  on  an  attempt  will  be  made  to 
exhibit  their  true  origin. 

22.  From  Table  V.  we  derive  a  notion  of  the  influence  of 
size  upon  the  attraction  of  the  sphere.  By  selecting  the  weights 
common  to  all  thi-ee  balls,  and  comparing  the  coiTesponding 
magnetic  powers,  we  learn,  that^  to  support  the  same  weight,  the 
ball  Xo.  2,  when  in  contact,   requires  a   current  2*4  times  as 
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strong  an  thai  required  by  No.  1,  and  that  No.  8  requires  a  cut'- 
rent  2'  1'  times  that  required  by  No.  2.  In  the  following  table 
this  multiplication  by  the  factor  2*4  is  carried  out  for  the  two 
first  balls.  The  first  three  figures  of  the  tangents  have  been 
taken ;  and  as  we  have  simply  to  do  with  ratios,  and  not  witii 
absolute  valuas,  these  three  figures  are  treated  as  whole  niunbers. 


Ball  No.  1 . 

Ball  No.  2 

W. 

tan  13. 

tan^. 

gnus. 

250 

123x2-4: 

=295 

296 

275 

130  ... 

312 

326 

300 

141  ... 

338 

346 

325 

152  ... 

365 

371 

350 

160  ... 

384 

391 

375 

171  ... 

410 

409 

400 

181  ... 

420 

430 

425 

193  ... 

463 

459 

450 

203  ... 

487 

481 

475 

209  ... 

501 

501 

500 

218  ... 

523 

525 

525 

229  ... 

549 

546 

550 

238  ... 

571 

573 

575 

247  ... 

593 

588 

600 

254  ... 

609 

614 

§5. 

23.  Magnetic  attraction,  like  the  attraction  of  gravitation,  is  the 
result  of  a  reciprocated  force.  The  attraction  of  a  sphere  of  soft 
iron  depends,  not  only  ujjon  the  magnetism  of  the  magnet,  but 
also  upon  that  of  the  excited  ball.  The  attraction  is  equal  to  the 
product  of  both.  In  operating  vrith  balls  of  different  diameters, 
two  things  arc  to  be  taken  into  account,  which,  in  defaidt  of 
better  terms,  may  for  the  present  be  called  quantiti/  and  intensity ; 
the  former  depending  u])on  the  volume  of  the  ball,  though  not 
proportional  to  it ;  the  latter  on  the  power  of  the  magnet,  to 
which  it  is  proportional.  According  to  this  view,  the  intensity 
of  magnetism  in  a  ball  of  a  certain  diameter,  placed  at  a  certain 
distance  from  the  magnet,  is  the  same  as  that  of  a  ball  of  twice 
or  half  the  diameter  placed  at  the  same  distance ;  but  the  quan- 
tities of  magnetism  are  veiy  different.  The  attraction  of  the 
ball  depends  upon  both  quantity  and  intensity.  Thus  the  force 
with  which  the  sphere  reciprocates  that  of  the  magnet  may  be 
regarded  as  being  made  u])  of  the  two  components  q  and  i,  the 
former  of  which  stands  for  the  quantity,  the  latter  for  the  inten- 
sity.    Let  m  be  the  magnetism  of  the  magnet,  then  the  attrac- 
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tion  of  a  sphere  placed  at  a  small  distance^  will  be  expressed  by 
the  product  ^^j„^- 

It  has  been  already  proved^  that  to  hold  a  certain  weight  in 
equilibrium^  the  ball  No.  2,  Avhen  in  contact^  requires  2 '4  times 
the  magnetic  power  that  No.  1  requires.  But  I  found  this  to 
vary  a  little  when  small  intervals  existed  between  the  ball  and 
magnet.  When  a  film  of  mica  j—^ dth  of  an  inch  in  thickness 
was  placed  upon  the  pole,  the  above  factor  reduced  itself  to  2'3 ; 
at  a  leaf  thickness,  or  y^^jj^ydth  of  an  inch  distant,  it  was  2*25 ; 
at  2  jo^^  of  ^^  i^ch  distant  it  was  2*22 ;  whde  at  g^oth  of  an 
inch  distance  it  was  nearly  the  same  as  in  contact.  For  om." 
present  purpose,  the  number  2"25  is  nearest  the  truth.  At  any 
given  moment  let  m^^  be  the  magnetism  of  the  magnet,  and  ^q 
and  /q  the  magnetic  components  of  the  ball  No.  1 ;  then,  as 
before  obsened,  the  attraction  of  the  ball  will  be 

Let  Wj,  i/i  and  ?\  represent  the  coiTespondiug  quantities  for  the 
ball  No.  2,  its  attraction  will  be 

But  each  of  these  attractions  is  measured  by  the  weight  which  it 
can  hold  in  equilibrium ;  and  if  the  same  weight  be  used  in  both 
cases,  we  shall  have 

"'i9i^'i  =  "Wo (!•) 

But  for  the  same  weight,  as  above  remarked,  we  have 

;«Q=2"25»?j ; 
and  as  the  intensity  is  assumed  proportional  to  the  magnetism 
of  the  magnet,  we  have  also 

?-y= 2-252,. 
Substituting  these  values  in  equation  (1.),  we  obtain 
'"o'Zo'o=2'25'"i^yi2-25/j, 

or  moqoio  =  ^"hQ\h, 

or  g'o=5'7i- 

As  the  quantity  depends  solely  upon  size,  the  relative  quan- 
tities of  two  balls  may  be  supposed  to  remain  constant,  whatever 
be  the  power  of  the  magnet.  When,  therefore,  the  same  mag- 
netic power  is  applied  to  both  balls,  the  diiference  between  the 
forces  exerted  upon  them  will  depend  solely  on  the  factors  q^ 
and  Qi;  for  in  this  case  we  should  have  Wq  =  W]  and/Q=?i.  But 
it  has  been  proved  that  q^^zoq^^ ;  hence,  with  the  same  magnetic 
power,  the  attraction  of  the  large  ball  ought  to  be  five  times  that 
of  the  small  one.  A  remarkable  coincidence  with  this  deduction 
is  exhibited  in  Table  YI.  At  the  top  of  the  coliunns  the  mag- 
netic forces  applied  to  both  balls  happen  to  be  nearly  alike,  and 

*  The  iraportauce  of  this  condition  vi-ill  appear  further  on. 
Phil.  Mag.  S.  4.  Vol.  1.  No.  4.  AprillK-)!.  U 
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the  attraction  of  No.  1  is  in  those  cases  precisely  Jive  times  that 
of  No.  2.  The  same  coincidence  is  exhibited  in  the  following 
table : — 

Ball  No.  1.  Ball  No.  2. 


w. 

tau/3. 

tan/ii. 

W. 

grms. 

grms. 

50 

0-141 

0-138 

10 

100 

0-203 

0-197 

20 

150 

0-248 

0-240 

30 

200 

0-287 

0-280 

40 

250 

0-322 

0-314 

50 

300 

0-349 

0-344 

60 

350 

0-377 

0-372 

70 

400 

0-399 

0-39G 

80 

450 

0-424 

0-420 

90 

During  the  latter  experiments  each  ball  was  separated  by  a 
fixed  distance  of  ^  jo^^^  ^^  ^^^  i^^ch  from  the  pole.  We  see  that  the 
corresponding  magnetic  powers  are  nearly  equal  throughout,  but 
that  the  corresponding  weights  are  in  the  constant  ratio  of  5 : 1 . 

§6. 

Proposition  IV. — To  determine  the  general  relation  between 
force  and  distance,  that  is  to  sag,  the  law  according  to  which  the 
magnetic  attraction  decreases  ivhen  the  distance  is  increased^. 

24.  There  was  some  little  difficulty  in  applying  our  mode  of 
experiment  in  the  present  case.  Did  we  resort  to  the  method  of 
laying  on  weights  or  of  pouring  in  shot,  nothing  could  be  appa- 
rently easier  than  to  determine  this  law.  We  should  simply 
have  to  preserve  the  magnetic  power  constant ;  to  place,  by  means 
of  the  interposed  leaves,  various  intervals  between  the  sphere  and 
magnet,  and  to  determine  in  each  case  the  weight  necessary  to 
break  the  hold.  We  have,  however,  already  stated  our  objec- 
tions to  this  method.  The  plan  of  proceeding  mil  perhaps  be 
rendered  plainer  by  reference  to  a  method  sometimes  adopted  to 
determine  the  melting-point  of  wax  or  fatty  matter.  A  little 
glass  tube  containing  a  portion  of  the  matter  is  dipped  into  water 
of  a  known  temperature— it  does  not  melt.  It  is  now  dipped 
into  water  of  a  higher  temperature — it  melts.  It  is  evident  that 
the  melting-point  lies  somewhere  between  these  two  temperatures, 
and  that  by  ap})roximating  the  temperatures  of  the  fluids,  the 
exact  melting-point  can  at  length  be  obtained.  Our  proceeding 
with  the  magnet  was  precisely  similar.     A  magnetic  power  due 

*  Some  little  difficulty  maj'  be  encountered  in  the  attempt  to  separate 
the  third  proposition  from  the  fourth.  This  will  vanish  when  it  is  con- 
sidered, that  in  the  former  case  a  constant  force  (a  weight)  operated  against 
the  magnet,  and  the  question  was  one  between  maynetism  and  distance ;  in 
the  latter  case,  the  magnetism  is  presen'ed  constant,  and  the  question  is 
one  between  weight  and  distance. 
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to  a  current  of  25°  was  taken  as  a  standard.  A  certain  weight 
was  laid  u^ion  the  scale-pan^  and  a  current  somewhat  greater 
than  25°  was  sent  round  the  magnet.  The  ball  was  brought 
down  upon  the  leaf  or  leaves  which  measured  the  distance  from 
the  pole,  and  the  rheostat  was  slowly  turned  until  the  ball  gave 
way.  If  this  occurred  at  25°,  the  right  weight  for  the  distance 
in  question  had  been  chosen.  Suppose,  however,  that  the  ball 
preserved  its  hold  tdl  the  cui'rent  was  damped  to  23' ;  it  is  plain 
that  the  weight  chosen  was  too  small,  and  a  httle  must  be  added. 
If  the  ball,  with  this  addition  to  the  weight,  yielded  before  it 
reached  25°,  then  the  weight  added  was  too  large.  Thus  by  a 
method  of  approximation  similar  to  that  above  described,  the 
exact  weight  due  to  a  certain  distance  and  to  a  magnetic  power 
of  25°  was  obtained.  From  the  description  this  will  appear  a 
circuitous  process,  but  it  is  not  so  practically.  With  a  little  ex- 
perience the  proper  weight  can  be  ascertained  vnih.  great  dispatch. 
25.  The  foUo^^-ing  table  contains  a  series  of  experiments  made 
in  this  manner  with  ball  No.  2  : — 

Table  VII. 
Strength  of  current  25°.     Paper  y—^dth  of  an  inch  thick. 


Ball  No.  2. 

Xo.  of  leaves. 

Weight  supported. 

Wxrf 

2 

STms. 

150 

grms. 

300 

3 

110 

338 

4 

87 

348 

5 

75 

375 

7 

56 

392 

8 

50 

400 

9 

45 

405 

10 

40 

400 

11 

37 

407 

12 

34 

408 

13 

3U 

409 

14 

29i 

409 

15 

27 

405 

16 

251 

408 

17 

24 

408 

18 

23 

414 

19 

91  1 

408 

20 

201 

405 

21 

191 

406 

25 

161 

406 

30 

131 
U2  " 

405 
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"NVc  licre  sec^  that,  after  a  distance  of  -p^jtli  of  an  inch  from 
the  poh;  has  be(!U  attanied,  the  ])rodiict  of  tlic  weight  and  distance 
is  constant.  The  divergences  in  the  immediate  ncighl)ourhood 
of  the  pole  belong  to  the  class  the  discTission  of  which  will  be 
resumed  further  on.  A  slight  con-ection  will  cause  them  to  vanish. 
Henct;  we  have  arrived  at  the  law,  that  tlie  attractive  force  between 
the  magnet  and  sphere  varies  inversehj  as  the  distance. 

2(3.  jM.  Dub  of  Berlin  has  lately  produced  an  elaborate  memoir 
on  the  attraction  of  electro-magnets*.  Though  he  has  operated 
with  masses  of  soft  iron  of  very  divergent  sha])es,  the  above  law 
is  found,  on  closer  examination,  to  pronounce  itself  with  more  or 
less  distinctness  throughout  the  whole  of  his  experiments.  I 
will  take  the  liberty  of  co])ying  his  first  table. 

Attraction  of  subuiagnetst  0  inches  long  and  1",  ^",  I"  and  ^" 
thick,  by  a  magnet  12"  long  and  1"  thick,  and  a  strength  of 
current  of  20"^. 

Contact.     Siibmag.  1''  thick.     Submag.  ^".      Subraag.  i".     Submag.  f ". 

lbs.  lbs.  lbs.  lbs. 

3-27  41  4/6  5-1 


1-1  1-25  1-4  10 

0-9  0-9  0-92  0-95 


I  0-71  0-77  0-65  0-65 

1  0-6  0-65  0-48  0-45 

2  0-38  0-36  0-23  0-194 

3  0-27  0-23  015  Oil 

4  0-19  0-16  0-11  0-08 

5  0-15  0-12  0-08  0062 

6  Oil  0-1  0-07  005 

7  0-095  0-08  0-062  0-044 

8  0-08  0-063  005 

9  0-07  0-055  0-04 

The  numbers  in  the  first  column  denote  the  distance  between 
the  bar  and  the  magnet,  and  the  numbers  in  the  columns  opposite 
express,  in  pounds,  the  attraction  of  the  respective  bars.  The 
distance  was  regulated  by  means  of  a  screw,  a  quarter  of  a  revo- 
lution being  denoted  by  the  fraction  ^.  The  numbers  1,  2,  3, 
&c.  express  1,  2,  3,  &c.  revolutions.  One  revolution  corre- 
sponded to  :f  J  ^^^  °^  ^^^  ^^^^^  distance ;  the  experiments  therefore 
commenced  when  a  distance  of  y^yth  of  an  inch  separated  the 
magnet  from  the  submagnet. 

*  Poggendorff's  Annalen,  vol.  l.xxx.  and  l.\xxi.,  and  j).  VJb  of  the  pre- 
sent vokimc  of  this  Journal. 

t  This  term  is  aj)plicd  to  the  attracted  mass  of  soft  iron.  See  Note  at 
p.  VMJ  of  the  preceding  Xuniber  of  this  Journal. 
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Multipljang  the  weights  in  each  column  by  their  correspond- 
ing distances,  we  obtain  the  following  result : — 

Distance.     Subm.  No.  1.     Subm.  No.  2.     Subm.  No.  3.     Subui.  No.  4. 


1 
4r 

0-27 

0-31 

0-35 

0-4 

X 

0-45 

0-45 

0-46 

0-47 

5 

0-53 

0-57 

0-49 

0-49 

1 

0-60 

0-65 

0-48 

0-45 

2 

076 

0-72 

0-46 

0-38 

3 

0-81 

0-69 

0-45 

0-33 

1- 

0-76 

0-61 

0-44 

0-32 

5 

0-75 

0-60 

0-42 

0-31 

6 

0-66 

0-60 

0-42 

0-30 

7 

0-66 

0-56 

0-40 

0-31 

8 

0-64 

0-50 

0-40 

9 

0-63 

0-50 

When  we  consider  the  disturbing  action  of  the  edges,  and  the 
difficulty  of  preserving  perfect  parallelism  between  magnet  and 
submagnet,  we  shall  not  be  surprised  at  the  deviations  Avhich  ex- 
hibit themselves  close  to  the  poles.  At  a  little  distance  the  law 
of  action  expressed  above  receives  a  good  corroboration. 

The  experimental  portion  of  this  investigation  had  been  already 
completed,  when  I  learned  that  a  series  of  experiments  was  made 
in  1811  by  ]\I.  Cramer,  mechanician  to  the  university  in  Kiel, 
with  a  view  to  determine  the  intiuence  of  distance  upon  the  lift- 
ing power  of  the  magnet.  He  experimented  with  steel  magnets 
of  the  horse-shoe  form,  placing,  in  each  case,  the  unlike  poles  of 
two  magnets  of  the  same  size  exactly  opposite  to  each  other. 
The  distances  between  the  poles  were  measured,  as  in  our  case, 
by  leaves  of  paper.  The  result  of  M.  Cramer^s  investigation,  as 
contained  in  vol.  lii.  p.  302  of  Poggendorff^s  Annalen,  is  as 
follows : — 

"  Within  the  limits  of  these  experiments  tlie  magnetic  attrac- 
tion by  no  means  decreases  in  the  in^  erse  ratio  of  the  square  of 
the  distance  [sehr  natiirlich,  P.). 

"  Wlien  the  various  columns  are  compared,  there  is  so  little 
agreement  exhibited,  and  even  the  members  of  the  same  series 
decrease  so  irregularly,  that  it  appears  impossible  to  refer  them 
to  any  definite  law.  This  lawlessness  is  to  me  as  unexpected  as 
it  is  enigmatical.  I  cannot  attribute  it  to  the  inaccuracy  of  the 
method  pursued,  which  in  itself  is  simple,  and  in  the  carrpng 
out  of  which  I  expended  all  possible  care  and  pains." 

The  irregularity  of  decrease  mentioned  by  the  author  appears 
to  arise  from  his  manner  of  viewing  the  subject.     He  begins  his 
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experiments  by  placing  one  leaf  between  the  poles,  and  deter- 
mining the  weight  necessary  to  separate  the  magnets.  A  second 
leaf  is  then  introduced,  and  the  separating  weight  again  deter- 
mined. The  experiments  are  continued  until  a  distance  of  46 
leaves  is  attained.  The  author  tlieu  subtracts  each  weight  from 
that  next  preceding,  and  in  the  column  of  numbers  thus  obtained 
he  observes  the  irregularity  complained  of.  M.  Cramer's  expe- 
riments, however,  seem  to  prove  decisively,  that  the  law  above 
developed  for  a  sphere  of  soft  iron  and  a  straight  core,  magnet- 
ized by  induction,  is  also  true  for  two  steel  magnets  of  the  horse- 
shoe form.  Commencing  at  the  5th  leaf  in  Table  II.,  and  mul- 
tiplying the  distances  by  the  weights  corresponding  to  them,  we 
obtain  the  followinsr  series  of  numbers : — 


5  270 

10  280 

16  276 

21  281 

6  270 

11  275 

17  270 

22  283 

7  280 

12  276 

18  274 

23  284 

8  292 

13  268 

19  278 

•       • 

9  279 

15  273 

20  280 

46  299 

The  products  here  may  be  regarded  as  constant,  as  the  slight 
and  irregular  differences  which  they  exhibit  are  evidently  due  to 
the  mode  of  experiment. 

27.  Bodies  capable  of  magnetization  arc  divided  into  two 
classes,  in  one  of  which  the  magnetic  force  is  readily  aroused,  but 
as  quickly  lost  again  when  the  exciting  cause  is  removed ;  the 
other  class,  on  the  contraiy,  accepts  the  magnetic  state  with  dif- 
ficulty, but  retains  it  when  once  excited.  Soft  iron  is  an  example 
of  the  one  class,  steel  is  an  example  of  the  other.  When  a  piece 
of  soft  iron  is  acted  upon  by  a  magnet,  it  is  said  to  be  magnet- 
ized by  intiuence.  The  magnet  in  this  case  is,  so  to  speak,  the 
creator  of  the  force  which  responds  to  its  attraction.  At  the 
commencement  of  this  inquiry  we  arrived  at  the  notion  of  the 
strength  of  a  magnet  from  its  action  upon  a  freely  suspended 
magnetic  needle.  The  motion  of  the  needle  is  the  result  of 
reciprocal  action  ;  but  the  force  with  which  the  needle  reacts 
upon  the  magnet  is  not  the  gift  of  the  latter,  as  in  the  case  of 
soft  iron.  Adhering  to  the  common  notion  of  a  magnetic  tluid, 
in  the  case  of  soft  iron  the  magnet  decomposes  and  disposes  of 
this  fluid  so  as  to  cause  mutual  attraction.  In  the  needle,  the 
fluid  is,  so  to  speak,  fitted  by  previous,  treatment  for  the  action 
of  the  magnet.  The  steel,  in  the  cjvse  before  us,  resists  mag- 
netization by  influence ;  and  the  magnet  acts  u})on  an  indepen- 
dent fluid,  without  either  increasing  or  diminishing  the  quantity 
thereof.  AVere  this  otherwise,  tan  a  (7.)  would  not  be  a  proper 
measure  of  magnetic  pow:er.     Let  us  suppose  the  case  of  a  little 
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ball  of  steel  thus  indepeiKlcntly  magnetized ;  and  to  make  the 
matter  easier,  we  viill  suppose  it  charged  with  one  of  the  fluids 
only,  say  the  north  fluid.  Let  the  force  with  which  the  south 
pole  of  a  magnet  attracts  the  ball  when  placed  at  the  unit  of 
distance  be  a ;  then,  according  to  the  common  law  of  magnetic 
attraction  (where  the  pole  is  supposed  to  be  contracted  to  a  point), 

the  force  of  attraction  at  any  other  distance,  r,  would  be  — ^ .    If 

the  force  with  which  the  north  pole  of  another  magnet  repels  the 

ball  at  the  unit  of  distance  be  a',  then  at  any  other  distance  ?•' 

a! 
the  repulsion  will  be  -^  •    If  the  two  poles  act  simultaneously  upon 

the  ball  from  the  same  side  of  it,  the  ball  will  be  in  equilibrium 
when  attraction  and  repulsion  are  equal,  or  when 


from  which  we  derive 

}'  :7''  =  \^a  :  \/a' ; 

that  is  to  say,  the  distances  between  the  point  of  equilibrium 
and  the  respective  poles  are  directly  proportional  to  the  square 
i-oots  of  the  strengths  of  the  magnets. 

28.  This  is  the  law  when  the  poles  are  pointSj  and  the  mag- 
netism of  the  body  operated  upon  is  independent.  But  in  our 
case  the  poles  are  planes,  and  the  magnetism  of  the  body  ope- 
rated upon  is  not  independent.  Let  us  conceive  two  flat  poles, 
charged  with  opposite  magnetisms,  to  be  placed  parallel,  one 
underneath  the  other ;  the  upper  one,  however,  being  supposed 
to  offer  no  obstruction  to  the  passage  of  the  force  from  the  one 
beneath  it.  Let  the  force  of  attraction  between  the  lower  pole, 
acting  by  itself,  and  the  sphere  of  soft  iron  at  the  imit  of  distance 
be  A ;  the  attraction  of  the  same  pole  at  any  other  distance,  K, 
would,  according  to  the  law  established  in  the  last  section,  be 

A  'r 

:p-.     The  attraction  of  the  upper  pole  for  the  ball,  when  acting 

on  it  singly  at  the  unit  of  distance,  being  A',  its  attraction  at 

A' 
any  other  distance  R'  will  be-^,.     But  when  both  act  simulta- 
neously upon  the  ball,  that  which  causes  attraction  by  the  one 
will  cause  repulsion  by  the  other ;  and  when  these  two  forces  are 
equal,  the  ball  will  be  in  equilibrium ;  that  is  to  say,  when 

A_  A^ 
R  ~  W 
or  when 

R:R'  =  A:A'; (2.) 

from  which  we  might  be  disposed  by  analogy  to  infer  that  the 
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distances  of  the  position  of  equilibrium  from  the  respective  poles 
are  directly  proportional  to  the  streuirths  of  the  magnets. 

29.  Thi.^  conclnsion,  however,  would  be  altogether  opposed  to 
the  experimental  results  detailed  in  §  3.  The  error  lies  in  the 
tacit  assumption,  that  the  forces  exerted  at  the  unit  of  distance 
are  proportional  to  the  strengths  of  the  magnets.  AVith  the 
theoretic  poles  this  assumption  was  correct^  for  there  the  mag- 
netism of  the  little  steel  ball  was  constant,  and  hence  the  attrac- 
tions between  it  and  the  respective  poles  at  the  unit  of  distance 
were  the  products  of  a  constant  with  the  strengths  of  these  poles, 
these  products  being  therefore  in  the  ratio  of  the  strengths.  But 
with  the  sphere  of  soft  iron  every  change  in  the  magnet  is  ac- 
companied by  a  corresponding  change  in  the  magnetism  of  the 
sphere,  which  circumstance  puts  the  ])roportionality  existing  in 
the  other  case  entirely  out  of  the  question. 

30.  It  has  been  already  proved  (16.),  that  if  one  magnet  have 
twice  the  strength  of  another,  and  if  the  latter  exercise  a  certain 
force  upon  the  iron  ball  at  a  certain  distance*,  the  former  will 
exercise  the  same  force  at  four  times  the  said  distance.  Hence, 
adopting  the  disposition  of  the  poles  above  described,  if  the  ball 
be  placed  at  a  leaf  thickness  distant  from  the  weaker  pole,  to  be 
in  equilibrium  it  must  be  four  leaves  distant  from  the  stronger, 
which  is  here  supposed  to  be  underneath  the  former;  and  in 
general,  if  m  and  m'  be  the  strength  of  any  two  magnets,  and  d 
and  d'  the  distances  at  which  they  exert  equal  attractions  upon 
the  sphere,  we  have  ,^j  ,^,f 

or  d:d'  =  m-:m'-', 

from  ^vhieh  we  infer  that  the  distances  of  the  point  of  equilibrium 
of  the  sphere  from  the  respective  poles  are  directhj  jjroportional  to 
the  squares  of  the  strengths  of  the  mnynets. 

§8. 

Proposition  II. — Todetermine  the  relation  between  the  strength 
of  an  electro-magnet  and  the  mutual  attraction  of  the  magnet  and 
u  mass  of  soft  iron,  when  both  are  separated  by  a  juied  distance. 

31 .  If  we  suppose  the  space  above  the  magnet  to  be  intersected 
by  a  number  of  infinitely  thin  horizontal  planes,  placed,  say  the 
thickness  of  one  of  om-  leaves  asunder,  each  of  these  planes  will 
denote  a  certain  section  of  force.  Let  the  force  on  the  first  plane 
be  called  /;  we  know  that,  by  doubling  the  strength  of  the  mag- 
net, the  force /will  be  exerted  on  the  fourth  plane;  by  trebling 
it,  on  the  ninth  plane,  and  so  on.  Supposing  the  ball  placed  on 
the  ninth  plane  with  the  magnetic  force  thus  trebled ;  let  us  ask 

*  It  is  scarcely  necessary  to  remark,  that  the  terra  distance,  as  here  used, 
refers  to  the  interval  betwceu  the  magnet  and  the  nearest  point  of  the  sphere. 
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what  will  take  place  if  it  be  removed  from  the  ninth  plane  to  the 
lirst  plane^  icithont  altering  the  trebled  power  of  the  magnet.  The 
law  established  in  section  6  replies,  that  at  one  plane  distant  it 
will  be  attracted  nine  times  as  strong-ly  as  at  nine  planes  distant. 
But  at  nine  planes  distant  it  is  attracted  with  the  same  force  by 
the  treble  power  as  at  one  plane  distant  by  the  single  power. 
Hence  upon  the  same  plane  three  times  the  magnetic  power  ^xill 
cause  nine  times  the  attraction ;  or,  expressed  generally,  the 
mutual  attraction  of  the  magnet  and  the  sphere  of  soft  iron,  when 
both  are  separated  by  a  fixed  distance,  is  directly  proportional  to 
the  square  of  the  strength  of  the  magnet. 

We  have  thus  arrived,  by  direct  deduction  from  established 
principles,  at  the  well-known  law  of  Lenz  and  Jacobi,  which, 
expressed  in  their  own  words,  runs  as  follows  :— 

The  attraction  between  two  electro-magnets,  or  between  an  electro- 
magnet and  a  mass  of  soft  iron,  is  proportional  to  the  square  of  the 
strength  of  the  magnetizing  stream. 

AVe  shall  now  bring  the  deduction  to  the  test  of  experiment. 
At  the  moment  the  ball  gives  way,  the  magnetic  power,  or, 
what  is  the  same,  the  strength  of  the  magnetizing  stream,  is 
expressed  by  tan  /3.  The  weight  upon  the  scale-pan  is  the  mea- 
sure of  the  force  with  which  the  ball  is  attracted  at  the  same 
moment.     According  to  the  above  law,  therefore,  the  quotient 

tan^  3 

— ™ —  must  be  a  constant  quantity,  and  hence  also 

tan  /3  . 

,„r  =  const. 
V  W 

For  the  sake  of  convenience  in  the  calculation,  the  quotient  is 
introduced  in  the  latter  form  in  the  following  table.  The  angles, 
as  in  the  foiTuer  cases,  are  each  the  mean  of  four  observations. 

Table  AlII. 
Distance  between  balls  and  magnet  ^  ju^^  ^^  ^^  inch. 
Ball  Xo.  1.  Ball  No.  2. 


rtan/3 

rtan^ 

w. 

^. 

^^W  ■ 

W. 

/3. 

A^W   ' 

grms. 

o          / 

grms. 

o             / 

50 

8  0 

2-0 

10 

7  50 

4-37 

75 

9  55 

20 

20 

11  10 

4-4 

100 

11  30 

20 

30 

13  30 

4-4 

150 

13  35 

2-0 

40 

15  40 

4-4 

200 

16     0 

2-0 

50 

17  25 

4-4 

250 

17  50 

2-0 

60 

19     0 

4-4 

300 

19  15 

20 

70 

20  25 

4-4 

350 

20  40 

2-0 

80 

21  38 

4-4 

400 

21  45 

20 

90 

22  48 

4-4 

450 

22  58 

20 
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We  here  see  that  the  experimental  suhstantiation  of  the  de- 
duction is  as  complete  as  conld  be  desired. 

3.2.  One  important  omission,  which  has  been  the  source  of 
considerable  error,  occurs  in   the   first  utterance  of  the  law  by 
its  discoverers*.     It  is  essential    to  its  validity  that  a  'fixed 
distance'  shall   separate  the  magnet  from  the  attracted  mass. 
Were  the  distance  0,  we  should  have  the  case  embraced  by  our 
first  proposition,  which,  however,  as  we  have  seen,  leads  to  a 
totally  dilFerent  law.     The  error,  as  observed  at  the  commence- 
ment of  this  paper,  lies  in  the  assumption,  that  the  law  which 
was  true  for  a  fixed  distance  is  also  true  for  contact.     Lenz  and 
Jaeobi  observe  a  certain  caution  in  expressing  themselves  on  this 
subject,  which  would  lead  one  to  suppose  that  they  also  doubted 
the  applicability  of  the  law  to  the  case  of  contact.     In  the  course 
of  their  memoir  the  following  significant  remark  occurs  : — "  For 
the  present,  at  least,  we  will  grant  the  limitation,  that  the  magnet 
and  submagnet  are  not  in  immediate  contact,  but   stand  about   a 
line  apart."      Physicists  generally,   however,    appear   to   have 
assumed  that  the  law  was  meant  to  be  of  universal  application. 
M,  Miiller,  for  example,  in  the  memoir  already  alluded  to,  wTites 
as  follows  : — "  Lenz  and  Jaeobi  assumed  that  the  lifting  power 
of  the  magnet  must  be  proportional  to  the  square  of  the  deve- 
loped magnetism,  which  assumption  is  beyond  all  doubt  correct." 
Under  the  term  '  lifting  power'  {Tragkraft)  is  here  meant  the 
attraction  between  the  magnet  and  the  submagnet  when  they 
are  in  contact ;  and  for  this  particular  case,  as  proved  in  §  2, 
the  assumption  is  untenable.     ]\I.  Miiller's  experiments  on  lift- 
ing power  were  made  with  an  electro-magnet  of  the  horse-shoe 
form.     This  is  a  point  on  which  Lenz  and  Jaeobi  have  expressed 
themselves  very  explicitly,  as  the  following  extract  from  their 
memoir  testifiesf.     "All  our  precautions,  however,  served  only 
to  prove,  that  when  currents  of  equal  power  were  applied,  the 
results  were  tolerably  coincident.     But  to  the  expected  result  they 
did  not  lead  us ;  and  we  could  only  arrive  at  the  conclusion, 
that,  by  strong  magnetizing,  the  lifting  power — Ave  do  not  say 
the  law  of  attraction  — of  two  electro-magnets,  or  of  a  horse-shoe 
magnet  and  its  submagnet,  is  a  phEenomcnon  far  too  complicated 
to  be  referred  to  any  such  simple  law  as  the  square  of  the  strength 
of  the  cm-rent,  or  the  strength  itself."     This  very  difficulty  of 
arriving  at  anything  like  a  safe  result  in  the  case  of  contact 
seems  to  have  suggested  the  expedient  of  placing  a  distance  of 
YQth  of  an  inch  between  the  submagnet  and  the  magnet. 

33.  If  m  be  the  strength  of  a  magnetic  pole  referred  to  any  unit, 

and  m'  the  strength  of  a  second  pole  referred  to  the  same  unit, 

the  mutual  action  of  the  two  poles  at  the  unit  of  distance  will 

be  expressed  by  the  product  mm',  the  said  ])roduct  being  negative 

*  Poggeudorff's  Annalen,  vol.  xlvii.  p,  40o.  t  Ibid.  p.  411. 
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or  positive  according  as  the  two  poles  are  of  the  same  or  of  op- 
posite names.  This  may  be  called  the  fundamental  law  of  mag- 
netism. We  have  already  assumed  the  magnetism  of  the  soft 
iron  sphere  to  be  proportional  to  that  of  the  magnet.  By  aid  of 
this  assumption,  the  law  of  Lenz  and  Jacobi  can  be  immediately 
deduced  from  the  above  fundamental  principle.  Let  m^  be  the 
magnetism  of  the  magnet,  and  ;hq  the  corresponding  magnetism 
of  the  sphere  at  a  given  distance.     The  attraction  will  be 

Supposing  the  power  of  the  magnet  to  be  increased  w  times,  the 
sphere  will  receive  a  proportionate  increase,  and  the  attraction 
will  then  be 

n7»,  X  nmQ, 
or 

n^m■^7nQ. 

In  like  manner,  for  any  other  multiple,  n',  the  attraction  will  be 
hence  the  attraction  in  one  case  is  to  the  attraction  in  the  other  as 


n^m^niQ  :  n'^in^mQ, 


or  as 


which  expresses  the  same  as  the  law  of  Lenz  and  Jacobi. 

34.  In  (29.)  it  was  asserted,  that  the  attraction  of  a  soft  iron 
ball  at  the  unit  of  distance  was  not  proportional  to  the  strength 
of  the  magnet.  We  now  learn  that  it  is  proportional  to  the  square 
of  the  strength.  Calling  A  and  A'  the  attractions  exerted  by  any 
two  magnets  of  the  strengths  ^1  and  M'  at  the  unit  of  distance, 
we  have 

M2  :  M'2  =  A  :  A'. 

Substituting  M^  and  M'^  for  A  and  A'  in  equation  (2.),  we  shall 
have  for  the  position  of  equilibrium 

Il:R'  =  i\P:M'2, 

which  is  exactly  the  same  result  as  that  established  in  (30.)  by 
dii'ect  experiment. 

§9. 

35.  Table  YIII.  shows  us  that  a  distance  of  gjo*^  of  an  inch 
between  the  ball  and  pole  entirely  changes  the  law  of  attraction. 
In  contact,  a  double  current  will  support  a  double  weight ;  but 
at  2  jijtb  of  an  inch  distance,  a  double  current  will  support  four 
times  the  weight.  Indeed,  it  is  not  until  the  ball  is  \^^thin 
ToV 0^^^  of  an  inch  of  the  pole  that  any  remarkable  deviation 
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from  tlic  latter  law  occui-s.  From  this  to  absolute  contact  the 
passage  from  one  law  to  the  other  is  gradual. 

3G.  To  demonstrate  this  gradual  change,  it  was  necessary  to 
ap])ly  a  tilm  much  thinner  than  the  ])ai)er  formerly  used,  and  to 
procure  this  was  a  matter  of  some  difficulty.  Gold  leaf  was  on 
many  accounts  unsuitable.  Th(!  following  expedient  occurred  to 
me  on  observing  the  extreme  tenuity  of  a  gun-cotton  balloon. 
It  is  well  known  that  a  solution  of  gun-cotton  in  suljjhuric  pether, 
when  spread  thin  and  suffered  to  dry,  forms  a  tough  unyielding 
film.  A  layer  of  such  a  solution  was  laid,  like  a  wash  of  water 
colour,  ^\dth  a  cameFs-hair  pencil  upon  the  smooth  flat  pole. 
The  layer  must  have  been  exceedingly  thin,  for  when  dry  it  ex- 
hibited the  colours  of  thin  plates  with  great  brilliancy.  The 
ball  was  brought  down  upon  this,  weights  from  300  to  900 
grammes  were  laid  upon  the  scale-pan,  and  the  corresponding 
magnetic  powers  determined.  This  done,  another  wash  of  the 
solution  was  laid  on,  and  the  same  process  repeated.  The  result 
may  be  thus  stated : — Through  the  interval  between  the  surface 
of  the  pole  and  the  sixth  layer  no  law  is  recognisable.  At  the 
lower  limit  of  this  space  the  attraction  of  the  hall  is  dirccihj propor- 
tional to  the  magiietizing  stream  ;  at  the  upper  limit ,  and  beyond  it, 
the  attraction  is  proportional  to  the  square  of  the  magnetizing  streain. 

37.  I  will  for  the  present  limit  myself  to  an  obsenation  or 
two  on  this  singular  result,  and  defer  the  fuller  discussion  of  the 
subject  to  a  future  paper.  In  the  case  of  contact  the  fundamental 
law  of  magnetism  is,  to  all  appearance,  contradicted — that  law 
which  affirms  that  the  attraction  is  expressed  by  the  product  of  the 
magnetism  of  the  magnet  into  that  of  the  sphere.  But  this  law 
supposes  that  opposite  magnetic  fluids  act  upon  each  other.  In 
speaking  of  the  attraction  of  a  mass  of  soft  iron  by  a  magnet,  it 
is  usual  to  say  that  a  north  pole  excites  a  south  pole,  and  a  south 
pole  a  north  pole,  attraction  being  the  consequence.  A  cylinder 
of  soft  iron  1  inch  thick  and  6  inches  long  was  laid  upon  the 
end  of  the  excited  magnet.  According  to  the  notion  generally 
entertained,  two  opposite  poles  embraced  each  other  at  the  place 
of  contact.  This  being  the  case,  we  might  infer,  that  on  raising 
a  magnetic  needle  from  the  centre  of  the  magnet  upwards,  that 
end  of  the  needle  which  was  attracted  below  the  place  of  contact 
ought,  upon  passing  the  latter,  to  be  inmiediately  repelled ;  but 
there  is  no  such  action  exhibited.  From  the  centre  of  the  mag- 
net to  the  top  of  the  soft  iron  cylinder  the  same  end  of  the  needle 
was  attracted,  the  combination  of  magnet  and  cylinder  behaving 
in  all  respects  as  if  they  were  one  continuous  mass^.     To  obtain 

*  Since  making  the  above  experiment,  I  have  learned  that  the  same  has 
been  obsened  by  Prof.  Poggentlorff  and  IM.  Van  Rees.  See  Poggendorff' s 
Annalev,  vol.  Ixxiv.  pp.  213-230. 
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the  opposite  polarity  implied  by  the  fundamental  law,  the  magnet 
and  the  mass  of  soft  iron  mnst  be  a  certain  distance  asunder. 
The  case  of  contact,  in  point  of  fact,  reduces  itself  to  the  attrac- 
tion which  the  magnet  exerts  upoi  itself,  and  this  leads  us  to 
the  threshold  of  a  subject  which  will  be  better  discussed  in  a 
future  memoir. 

§  10. 
38.  I  will  now  turn  for  a  short  time  to  the  consideration  of 
the  divergences  which  exhibited  themselves  on  changing  our 
mode  of  experiment  (18.).  It  has  been  satisfactorily  sho\A'n  (21.) 
that  they  cannot  be  accormted  for  on  the  supposition  of  '  lagging 
magnetism.^  Let  us  imagine  the  ball  placed  at  the  sixth  layer 
of  the  gun-cotton  solution.  From  this  downwards,  as  it  ap- 
proaches the  pole,  we  have  a  nearer  and  nearer  approximation  to 
the  law  of  simple  proportionality.  AMien  a  single  layer  separates 
the  ball  from  the  pole,  the  law  is  nearly  fulfilled ;  when  this  is 
removed,  the  approximation  is  still  nearer ;  but  is  the  ball  then 
in  contact  ?  Will  not  the  miavoidable  roughness  which  remains 
after  nibbing  with  fine  sand-paper  and  polishing  with  emerj-  still 
make  some  difi'erence  ?  If  we  lay  a  plate  of  glass  upon  a  convex 
lens  of  large  radius,  so  as  to  produce  Ncwton^s  rings,  a  consi- 
derable pressure  is  needed  to  render  the  central  spot  permanently 
black,  or  in  other  words,  to  establish  perfect  contact*.  How 
much  more  will  such  a  pressm-e  be  required  in  our  case,  where  the 
surfaces  operated  with  are  comparatively  so  defective  !  Besides 
this,  the  manipulation  of  the  sin-face  must  alter  in  some  measui-e 
the  constitution  of  the  thin  outside  layer,  and  render  it  dificrent 
from  that  of  the  mass  of  the  metal.  This  remark  applies  to  both 
magnet  and  ball.  An  improvement  of  the  contact  would,  accord- 
ing to  our  reasoning,  be  accompanied  by  improved  results.  The 
contact  might  be  made  more  perfect  by  mechanical  pressure — 
with  the  hand,  for  instance;  but  on  removing  the  hand  a  shaking 
of  the  ball  is  unavoidable,  which  entirely  nullities  the  previous 
pressure.  Besides,  this  pressure  may  not,  and  in  all  probability 
will  not,  be  exerted  in  the  precise  direction  of  the  magnetic  force ; 
and  in  this  case,  when  the  hand  is  raised,  the  ball  will  right 
itself  and  thus  defeat  us.  The  best  means  of  improving  the  con- 
tact seems  to  be  furnished  by  the  magnet  itself.  If  the  ball  be 
squeezed  tight,  in  the  first  instance,  by  strong  magnetic  power, 
the  pressure  thus  exerted  is  sure  to  be  in  the  right  direction. 
This,  in  fact,  is  what  has  been  done  in  our  first  experiments ; 
and  these,  as  we  have  seen,  exhibit  a  most  striking  coincidence 
with  the  laws  aflirmed  in  each  case. 

39.  The  imperfections  of  the   surface   appear,  therefore,   to 
throw  the  true  pole,  or  attracting  plane,  some  distance  beneath 
*  Sec  Phil,  Mag.  for  December  1850,  p,  452. 
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that  on  wliicli  the  ball  rests ;  which  circumstance,  when  uncom- 
pensated by  pressure,  exhibits  itself  in  the  results.  This  being 
the  case,  a  small  constant  would  have  to  be  added  to  the  distances 
denoted  by  the  leaves  in  those  cases  where  the  second  mode  of 
experiment  was  adopted  ;  that  is  to  say,  in  Tables  VI.  and  VII. 
The  alteration  thus  effected  will  exhibit  itself  most  sensibly  in 
the  immediate  neighbourhood  of  the  poles,  where  alone  the  dis- 
crepancies occur ;  indeed,  its  immediate  effect  will  be  to  lessen 
these  discrepancies;  iu  Tabic  VI.  it  will  make  the  quotients  at 
the  top  of  the  columns  less,  and  in  Table  VII.  it  will  make  the 
products  at  the  top  of  the  column  greater ;  while  at  a  distance 
from  the  poles  the  change  caused  by  the  addition  will  be  scarcely 
appreciable.  There  is  another  slight  correction  to  be  made  with 
regard  to  the  paper.  When  a  good  many  leaves,  say  fifteen  or 
twenty,  are  upon  the  magnet,  the  space  occupied  by  these  is 
somewhat  more  than  fifteen  or  twenty  times  the  space  occupied 
by  one  leaf.  On  trial  with  the  sphereometer,  it  was  found  that 
fourteen  leaves  occupied  nearly  fifteen  times  the  space  of  one 
leaf.  Taking  this  into  accoimt,  and  supposing  the  true  pole  in 
the  case  of  ball  No.  2  to  be  about  y^^^  ^dth  of  an  inch  beneath 
the  surface,  and  for  the  large  ball  a  little  deeper — for  it  must 
be  remembered,  that  the  position  of  the  pole  depends  as  well 
upon  the  surface  of  the  ball  as  upon  the  magnet — the  discrepan- 
cies arising  from  the  second  mode  of  experiment  will  entirely 
disappear. 

40.  Some  of  the  laws  expressed  iu  the  foregoing  memoir  wiU 
naturally  be  limited  by  the  dimensions  of  the  magnetic  plane 
from  which  the  attraction  proceeds,  and  also  by  the  size  of  the 
attracted  ball.  If  the  views  of  M.  Miiller,  already  adverted  to, 
be  correct,  a  point  of  saturation  for  very  small  balls  must  soon 
exhibit  itself*,  after  which  the  law  would  be  no  longer  applicable. 
As  far  as  I  am  able  to  judge,  the  balls  used  in  the  present  case, 
although  of  very  different  volumes,  follow  the  same  law  ;  these, 
however,  and  other  matters  of  a  similar  bearing,  I  hope  to  make 
the  subject  of  a  future  commmiication. 

In  stating  the  case,  I  have  made  use  of  those  experiments 
merely  which  appeared  best  calculated  to  illustrate  the  several 
laws  and  the  apparent  deviations  from  them.  To  the  latter, 
indeed,  I  have  given  the  most  prominent  place,  as  their  expla- 
nation appeared  to  me  to  be  most  important.  The  experiments 
recorded  constitute,  however,  but  a  small  fraction  of  the  number 
actually  made.  ]My  aim  has  been  to  embrace  in  one  investigation 
the  whole  of  a  subject  whose  separate  details  have  occupied  the 
attention  of  many  experimenters.     One  law  alone  of  those  cx- 

*  Some  interesting  remarks  on  this  subject  occur  in  a  paper  by  Professor 
W.  Thomson,  Phil.  Mag.  vol.  xxxvii.  p.  241. 
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pressed  in  the  foregoing  pages  has  been  heretofore  established — • 
that  of  Lenz  and  Jacobi ;  and  this,  as  we  have  seen,  forms  a  hnk 
in  a  chain  of  laws,  or  rather  a  deduction,  which  tiows  a  priori 
from  the  combination  of  the  3rd  and  4th  propositions.  The 
laws  of  magnetic  action,  at  distances  in  comparison  with  which 
the  thickness  of  the  magnet  vanishes,  have  been  long  known. 
But  the  complementary  portion  of  the  subject,  which  embraces 
the  laws  of  action  at  short  distances  where  the  thickness  of  the 
magnet  comes  fully  into  play,  has,  so  far  as  I  am  aware, 
hitherto  eluded  the  grasp  of  experiment  and  formed  a  subject  of 
mere  puzzling  conjecture.  The  want  here  experienced  it  has 
been  the  object  of  the  present  inquiry  to  supply. 

The  principal  residts  may  be  summed  up  as  follows : — 

1.  The  mutual  attraction  of  a  magnet  and  a  sphere  of  soft 
iron,  when  both  are  in  contact,  is  directly  proportional  to  the 
strength  of  the  magnet. 

2.  The  mutual  attraction  of  a  magnet  and  a  sphere  of  soft 
iron,  when  both  are  separated  by  a  small  fLxed  distance,  is  directly 
proportional  to  the  square  of  the  strength  of  the  magnet. 

3.  The  mutual  attraction  of  a  magnet  of  constant  strength  and 
a  sphere  of  soft  iron  is  inversely  proportional  to  the  distance  be- 
tween the  magnet  and  the  sphere. 

4.  "When  the  distance  between  the  magnet  and  the  sphere 
varies,  and  a  constant  force  opposed  to  the  pull  of  the  magnet  is 
applied  to  the  latter;  to  hold  this  force  in  equihbrium,  the 
strength  of  the  magnet  must  vary  as  the  square  root  of  the 
distance. 

I  have,  in  conclusion,  to  express  my  deep  sense  of  the  kind- 
ness of  Professor  Knoblauch,  who,  dming  this  investigation, 
permitted  me  to  occupy  three  of  his  rooms,  and  placed  his  ex- 
tensive and  beautiful  collection  of  apparatus  entii-ely  at  my 
disposal. 

Marburg,  January  1851. 

XXXVII.  On  the  Relation  hetu-een  the  Minor  Determinants  of  Li- 
nearly Equivalent  Quadratic  Functions.  By  J.  J.  Sylvester, 
M.A.,  F.R.S.* 

1  SHOWED  in  the  preliminary  part  of  my  paper  on  Contacts 
in  the  Februaiy  Number  of  this  ^Magazine,  by  a  priori  rea- 
soning, that  if  a  quadratic  function  (U)  be  linearly  converted 
into  another  (V),  any  minor  determinant  of  any  order  of  V  must 
be  a  syzygetic  function  of  all  the  minor  determinants  of  U  of 
the  same  order. 

The  object  of  my  present  communication  is  to  exhibit  the 

*  Communicated  bv  the  Author. 
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syzygy  in  question,  which,  as  I  indicated,  is  linear;  by  which  I 
mean  that  a  determinant  of  the  one  function  is  equal  to  the  sum 
of  the  pari-ordinal  determinants  of  the  other  affected  respectively 
with  multipliers  formed  exclusively  out  of  the  coefficients  of  the 
equations  of  transformation.  In  order  that  a  clear  enunciation 
of  the  theorem  in  view  may  he  possible,  it  is  necessary  to  premise 
a  new  but  simple,  and,  as  experience  has  proved  to  me,  a  most 
powerful,  because  natural,  method  of  notation  applicable  to  all 
questions  concerning  determinants. 

Eveiy  determinant  is  obtained  by  operating  upon  a  square 
array  of  quantities,  wliich,  according  to  the  ordinary  method, 
misrht  be  denoted  as  follows  : 


^,> 

"i,-2- 

•    -"un 

"■2,1 

ff.,  ^   . 

'   '   \n 

'\^ 

«3,2   • 

■    '"i,,, 

"n.. 

''.,0.    ■    ' 

'   "n,n' 

~S1\  method  consists  in  expressing  the  same  quantities  bilate- 
rally as  below : 


Oja,     a^ct„  .  .  .  «!«,( 


(L->a,      (loCt.i 


where  of  course,  whene^'er  desirable,  instead  of  a^,  a,2  •  •  ^n>  ^^^ 
«„  «,2  .  .  «„,  we  may  write  simply  a,  b  .  .  I,  and  «,  ^  ..  \  re- 
spectively. Each  quantity  is  now  represented  by  two  letters; 
the  letters  themselves,  taken  separately,  being  symbols  neither 
of  quantity  nor  of  operation,  but  mere  umbrae  or  ideal  elements 
of  quantitative  symbols,  ^^'^e  have  now  a  means  of  rej) resenting 
the  determinant  above  given  in  a  compact  form ;  for  this  purpose 
we  need  but  to  write  one  set  of  umbrre  over  the  other  as  follows  : 

(^     -   *  ■  ■     "  I .     Jf  ^ve  now  wish  to  obtain  the  als:ebraic  value 
«i  a.2  .  .  .  aj  ^ 

of  this  determinant,  it  is  only  necessary  to  take  u^,  a^  .  .  a,j  in 

all  its  1  . 2  .  3  . .  ;z  different  positions,  and  we  shall  have 

fr/.     r/o  .  .  .  ^,,"1       r,  ,   , 

in  which  expression  Q^,  6c^  .  .  .  0„  represents  some  order  of  the 
numbers  1,  2  .  .  .  /?,  and  the  positive  or  negative  sign  is  to  be 
taken  according  to  the  well-kuoAvn  dichotomous  law.  Thus,  for 
example^ 
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"If-  will  represent  auxb^xcy 
+  (Tpi  X  by  X  cu 
+  ay  xbctxc^ 

—  o^xbuxcy    I 

—  ««  X  by  X  c/3 

—  oy  X  b/3  X  CO.  ^ 
Although  not  necessary  for  our  immediate  object,  it  may  not 

be  inopportune  to  observe  how  readily  this  notation  lends  itself 
to  a  further  natural  extension  of  its  application. 


^. 


<  y  will  naturally  denote 


ab       cd  ab      cd 

XX 

ap       70  70       «/8 


I.  e. 


(f/ax  6/3)1       \      (C7X(/S)1       r      {uyxbh)'\ 
•  {a  13  X  i«)  J       [  -  (cS  X  dy)  ]      I  -  {ah  x  by)  \  ^ 

And  in  general  the  compound  determinant 


{cu.dlB)^ 
-{c/3.du)j- 


{' 


will  denote 


h 
\ 


/ 


a,,     b^. 


ia,    b,   ..,/,.    ■] 


Ufl.. /3fl  ...-VJ' 


Or  ^9r 


h  1  ^  r^'i  ^ 

where,  as  before,  we  have  the  disjunctive  equation 
6^,  60,  .  •  .  dr^=^,  2,  .  .  . 

As  an  example  of  the  power  of  this  notation,  I  will  content 
myself  with  stating  the  following  remarkable  theorem  in  com- 
pound determinants,  one  of  the  most  prolific  in  results  of  any 
with  which  I  am  acquainted,  but  which  is  deri^"ed  from  a  more 
particular  case  of  another  vastly  more  general.  The  theorem  is 
contained  in  the  annexed  equation. 


{«!  Oo  .  .  .  a,.  a,.+i     a^  a^  . .-.  a,.   «,.+o  .  .  .  Oi  a^..  .0,.  a,+s\ 

_    r  «i    ^.^  .   .   .  W,"!  "-'  ^     r«,    ff^  •  •  •  <^'-    «'+l    «,+2  .  .  .  (Ir  +  s  \ 
l-«l    a^  •   •   •  «)--J  '-«l    "2  •  •  •  «'■  «'•+!    «'-  +  2  •  •  •  «-r+s-^ 

It  is  obvious,  that,  without  the  aid  of  my  system  of  umbral  or 
biliteral  notation,  this  important  theorem  could  not  be  made  the 
PJiiL  Mag,  S.  1.  Vol.  1 .  No.  4.  April  1851 .  X 
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subject  of  statement  without  an  enormous  periphrasis,  and  could 
never  have  been  made  the  object  of  distinct  contemplation  or 
proof. 

To  return  to  the  more  immediate  object  of  this  communication, 
suppose  that  we  have  any  binary  function  of  two  sets  of  quan- 
tities, .^1,  ,%\ . .  .x„;  f  1,  ^<2-  •  •  f  ">  ^^  whicli  the  general  term  will 
be  of  the  form  c^^  g  x  ^y  ■  ^g  j  according  to  the  principles  of  notation 
above  laid  dowTi,  nothing  can  be  more  natural  than  to  represent 
Cy,s  by  the  biliteral  group  fl^«j  the  function  in  question  will 
then  take  the  form 

"Za  a.  .X  ^  ; 

the  .r's  and  ^'s  denoting  quantities,  Imt  the  a's  and  a's  mere 
umbrae.  The  function  may  then  be  thrown  under  the  convenient 
symbolical  form 

{aya'^  +  0cix^+  .  .  .  +a^.xj 

So  if  we  confine  ourselves  to  quadratic  functions,  for  which 
x^,  Xq  .  .  .  x^^',  ^j,  ^2  •  •  •  ^n  become  respectively  identical,  the 
general  symbolical  representation  of  any  such  \\\\\  be 

[a^x^  +  a^x^^  .  ..  +«„a^„)^ 
The  complete  determinant  will  be  denoted  by 

and  any  minor  determmant  of  the  rth  order  by 

where  6^,  6<^.  .  .  6^  are  some  certain  r  distinct  numbers  taken 
out  of  the  series  I,  2,  3  .  .  .r.     Suppose  now  that  we  have 

U  =  (ATj.r,  +  ff^A'i  +  .  .  .  +  (i„^\f 

Jinearly  transformable  into 

by  means  of  the  [n)  equations 

Xo  =  ajj]  .  If]  +  «2*2 •  ?/o  +  ...  +  ^/gi,, . //„ 


(E.) 


in  which  equations,   be    it   observed,  each  coefficient  a^M^  is  a 
single  quantity,  perfectly  independent  of  the  quantities  denoted 
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generally  by  a^.a^,  bj)^  which  enter  into  U  and  V.  Our  object 
is  to  be  able  to  express  the  minor  determinant 

r^x-j  bk. .  . .  bk,  \ 

Li/i  bi.^ .  .  .  bi_.  J 

in  which  the  one  group  of  distinct  numbers,  k^,  /\, .  .  .  Xv  may 
either  differ  wholly  from,  or  agree  wholly  or  in  part  with  the 
other  group  of  distinct  numbers  l^,  /, . . .  /^,  under  the  form  of 

The  particular  value  of  Q  corresponding  to  each  double  2;roup, 

^1  ^2 •  •  •  ^,.       1    .    .  ,1,    r^^i  o,...e 

'    mav  be  denoted  bv  Q  "  '' ;    so    that    oiu* 

6     6         6 
problem  consists  in  determining  the  value  of  Q    ^      ^  "  '  '    ''  in 

01     0-2  ••  •  0'- 

the  equation 

Accordingly  I  enunciate  that 

Q  ^1   ^2  .  .  .  ^,  \  ^  fff^j  (tf,^  ...a^A^^  foj^  ai^  . . .  (ii^.  1 
01  02  •  •  •  0.-'       ^  \  ^9„---h,  J       ^  b^^  6^2-  •  •  *9,  J 

+  /  a  I,   «/,...  air  \  X  I  '^h  %  •  •  •  ^^.  \,       .     .     (2.) 

subject  to  one  sole  exception  in  the  case  of  6^,  6^2-  •  •  ^r  being 

identical  with  0i,  02  ■  •  •  0,.;  namely,  that  for  the  terms  (for  such 

6     6  6 

case)  of  the  form  Q  ^^    a'''  /,  the  value  to  be  taken  is  not  that 
6i    U.2  •  •  '  P,. 

which  the  general  formula  would  give,  namely, 

but  the  half  of  this,  i.  e.  simply  the  square  of 
f  «*i  Ok,  •  •  •  «>tr  \ . 

>-  «0i    Oq,  .  .  .  ag,  J 

6    6         6 
The  vaku'  of  Q  ,^    ,'         /,  if  i^  obvious,  contains  onlv  rjuan- 
01  02  •  •  •  0r 
titles  of  the  form  a^.b_,,  which  are  coefficients  in  the  equations  of 

transformation,  but  none  of  the  form  f'^-c^  or  b..b^;  showing 

X  2 
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that  the  syzygctic  connexion  between  tlie  minor  determinants  of 
U  and  \  of  the  same  order  is  linear,  as  has  been  already  antiei- 
patively  announced. 

The  problem  which  I  have  treated  above  is  only  a  particular 
case  of  a  more  general  one,  which  may  be  stated  as  follows : 
given  V.  =  {a^x^  4-^/3  •  '■^'2+  •  •  •  <^„"'^'n)^  ^"^  supposing  m  linear 
equations  to  be  instituted  between  .r,,  x.2 .  .  .  .v„,  so  that  U  may 
be  made  a  function  of  {n—m)  letters  only,  to  express  any  minor 
determinant  of  the  reduced  form  of  U  without  performing  the 
process  of  elimination  between  the  given  equations.  Let  the 
given  equations  be  written  under  the  form 

a^a„+.2.a\-\-  a2fr„+.i-Xo+  ■  ■  ■  +fl'„««+2-A'«=0 

(ll(f,t+m.a;i-i-  aoCln  +  m-^'Q-^  •  •  •  +««.««-!-»« -.in  =  0, 

and  let  it  be  convened  (which  takes  nothing  away  from  the  ge- 
nerality of  these  equations)  that  r/„+,..ff„+5  shall  signify  zero  for 
all  values  of  r  and  s  concurrenfhj  greater  than  zero.  Suppose 
that  a\,  a\2  •  •  •  '^wo  being  eliminated,  U  becomes  of  the  form 

and  suppose  that  we  wish  to  determine  the  value  of  the  complete 
determinant  of  this  last  fimctiou,  the  answer  will  be  found  to  be 


hj       L<7j  Ho  .  .  .  a„  r/„4-i  .  .  .  f/„4-m  J 
/ft,     a^_     .  .  .  a,„     Y^ 


the  squared  division  being,  as  is  obvious,  a  function  only  of  the 
coeflieients  of  the  transforming  equations,  and  depending  for  its 
value  upon  the  })artieular  [m)  quantities  selected  for  elimination. 
The  dividend,  on  the  contrary,  is  independent  of  this  selection, 
but  invohes  the  coefficients  of  tlic  function  combined  with  the 
coefficients  of  transformation.  This  is  the  symbolical  represen- 
tation of  the  theorem  given  by  me  in  the  postscript  to  my  paper 
in  the  Cambridge  and  MathematiealJournal  for  November  1850. 
Suppose,  now,  more  generally  that  we  wish  to  find  any  minor 
determinant.     The  solution  is  given  by  the  equation 


ri0,„4.i  At;,,, +2  •  •  •  Ae,„+si 

^A(/)„,4-i    t'diHj.f-o  •  •   •  t^6m  +  s-^ 


(wherein  the  two  groups  0„,  +  „  ^,,,+2..  .6>,„+,;  </>„,+„  <^,„+2...^„h. 
are  each  of  thein  (s)  differing,  or  wholly  or  in  part  agreeing  iudi- 
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viduals  arbitrarily  selected  out  of  the  {n  —  m)  numbers /«  + 1^, 
m  +  2,...n) 

^fa,       a,       ...a„,     y ^3_^ 

<.o„^i  a„+.2  .  .  .  a„+„J 

If  we  make  n  =  2'yan([m  =  y,  audffy+;..Cy+s=0  for  all  positive 
values  of  either  r  or  s,  and  Gy_,ff„+e  =  0  for  all  values  of  /  and  e 
differing  from  one  another,  and  for  equal  values  r/y_e.ffy+r=  —1, 
it  will  readily  be  seen  that  this  last  theory  reduces  to  the  one 
iirst  considered ;  and  on  careful  inspection  it  will  he  found,  that 
the  solution  given  of  the  general  question  includes  within  it  that 
presented  for  the  particular  case  in  question.  Such  inclusion, 
however,  I  ought  in  fairness  to  state  is  far  from  being  obvious ; 
and  to  demonstrate  it  exactly,  and  in  general  terms,  requii'es  the 
aid  of  methods  which  my  readers  woidd  probably  find  to  exceed 
their  existing  degree  of  knowledge  or  familiarity  with  the  subject. 

The  theory  above  enunciated  was  in  part  suggested  in  the 
course  of  a  conversation  with  Mr.  Cayley  (to  whom  I  am  indebted 
for  my  restoration  to  the  enjoyment  of  mathematical  life)  on  the 
subject  of  one  of  the  preliminary  theorems  in  my  paper  on  Con- 
tacts in  this  ^lagazine. 

It  is  wonderful  that  a  theory  so  purely  analytical  should  ori- 
ginate in  a  geometrical  speculation.  My  friend  M.  Hermitehas 
pointed  out  to  me,  that  some  faint  indications  of  the  same  theory 
may  be  found  in  the  Recherches  Arithmetiques  of  Gauss.  The 
notation  which  I  have  employed  for  detenninants  is  very  similar 
to  that  of  Yandermonde,  with  which  I  have  become  acquainted 
since  writing  the  above,  in  Mr.  Spottiswoode's  valuable  treatise 
'^On  the  Elementaiy  Theorems  of  Determinants."  Yandermonde 
was  e%'idently  on  the  right  road.  I  do  not  hesitate  to  affirm, 
that  the  superiority  ofhisandmy  notation  over  that  in  use  in  the 
ordinaiy  methods  is  as  great  and  almost  as  important  to  the  pro- 
gress of  analysis,  as  the  superiority  of  the  notation  of  the  differ- 
ential calcidus  over  that  of  the  fluxional  system.  For  what  is  the 
theoiy  of  determinants  ?  It  is  an  algebra  upon  algebra  ;  a  cal- 
culus which  enables  us  to  combine  and  foretell  the  residts  of 
algebraical  operations,  in  the  same  way  as  algebra  itself  enables 
us  to  chspense  with  the  perforaiance  of  the  special  operations  of 
arithmetic.  All  analysis  must  ultimately  clothe  itself  under  this 
form*. 

*  Perhaps  the  most  remarkable  iuilu-ect  questnon  to  which  the  method 
of  determinants  has  been  hitherto  apphed  is  Hesse's  problem  of  rediicmg 
a  cubic  function  of  3  letters  to  another  consistins  onlv  of  4  terms  bv  lintav 
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I  have  in  previous  papers  deHiied  a  ''  Matrix  "  as  a  rectane;iilar 
array  of  terms,  out  of  wliieli  difFereut  systems  of  determinants 
may  be  engendered,  as  from  the  womb  of  a  common  parent ; 
these  cognate  determinants  being  by  no  means  isolated  in  their 
relations  to  one  another,  but  subject  to  certain  simple  laws  of 
mutual  dcjiendence  and  simidtaneous  deperition.  The  condensed 
representation  of  any  such  ]Matrix,  according  to  my  improved 
Vandennondian  notation,  will  be 


Lai   «2  •  •  '"'«       ^ 


To  return  to  the  theorems  of  the  text.  Theorem  (2.)  admits 
of  being  presented  in  a  more  convenient  form  for  the  purposes 
of  analytical  operation,  so  as  to  become  relieved  from  all  cases 
of  exception  appertaining  to  particular  terms. 

The  limitation  to  the  generality  of  the  expression  for  Q  arises 
from  oui"  treating 

as  identical  with  its  equal, 


(i^ 


'}• 


If,  however,  we  now  convene  to  treat  these  two  forms  as  distinct, 
so  that  in  theorem  (2.) 


will  contani  <  — ^j — ~ ^^ ■ — '-  >     terms,    then    we    may 

write  simply 

(f>i  <f>.2...  <f>,-        ^  bg^   bQ^_...  bg^  J         I  b^^  b^^...  b^^J 

which  equation  is  subject  to  no  exception  for  the  case  of  the  ^'s 
and  ^'s  becoming  identical.     As  regards  this  theorem,  it  will 

substitutions — a  problem  which  appears  to  set  at  defiance  all  the  processes 
and  artifices  of  common  algebra.  I  have  succeeded  in  applying  a  method 
founded  upon  this  calculus  to  the  linear  reduction  of  a  biquadratic  function 
of  two  letters  to  Caj  ley's  form  x^-\-7nx-y'--^i/^,  and  of  a  5*^  function  of  two 
letters  to  the  new  form  x'^-i-)/''-\-{ajc+bi/f.  This  last  reduction  is  effected 
by  means  of  the  properties  of  a  certain  other  function  of  the  Sth  degree 
connected  with  the  given  function  of  the  5th  degree.  See  a  paper  on  this 
subject  in  the  forthcoming  May  Nmuber  of  the  Cambridge  and  Dublin 
Mathematical  Journal. 
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not  fail  to  strike  the  reader  that  it  ought  to  admit  of  verification  j 
for  that  U  niavbe  derived  from  \  iu  the  same  manner  as  V  from 
U  if  we  express  y^,  y^  .  .  •  yn  in  terms  of  x^,  .Cg  •  •  ^\,  by  solving 
the  system  of  equations  (2.),  which  there  is  no  difficulty  in  doing. 
In  fact,  if  we  write 

y  1  =  a,^,,ri  +  "i/^a  •  '^-2  +  •  •  •  +  «i^«  •  "^^ 

y«  =  <*n^l'^l  +<^2-^^-2  +  .  •  •   +  "A-^u' 

we  shall  obtain 

\b^  b^...b,^ibs+i  bs+.2...h„J       \b^b^^...b,J 
Accordingly  we  shall  find 

Gwi  am. . . .  am,!  _  V  /q  i^i  "^-2  •  •  •  "f .  ^  (^h  H-2  • '  •  hr\ 

Opi     Op.,   .  .  .  Opr  -J  ^        Wj     Wo  .  .   .   ft),.  \b(^^   buj.-,   .  .  .  bcor^ 

and 

ft)|      ft)2  .  .  .  ft),.         ^/S-J/j /S^ij  .  .  .  (/S-^/,./         ^/^wj^wj.  •  •  ^(j,'^ 

substituting  for  the  a's  and  /3's  their  s\Tnbolical  equivalents  given 
above,  and  apphing  the  theorem  given  below,  we  shall  easily  obtam 

l-^i  ^2  .  .  .  b„J 
K,  now,  in  the  expression 

bi^bh  ...bi,.J  L^6     bg...  b0/^b,i,^b(p.,...b,p/^a^^a,p2...ao/ 

we  resubstitute  for    ^i    02  •  •  •    0,.  I    -^^  value  in  the  form  of 

L  Z»^j   b(p^.  .  .  brt,r  J 

we  shall  obtain    '^     '" '  "  '     ''  under  the  form  of 
6/i  Z>/„ .  .  .  Z»/^ 

2  f  J^  <»i  &>2  •  •  •  w.  j<  /'^'^i  *^2  •  •  •  ^"'A 1  . 

L      -v^j  t/t^  .  .  .-vlr,.        \6-^j  b^„ .  .  .blr'  -^ 
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.   „  &)i    to,  .  .  ,  w 
aiul  K  -  '■  must  =0,  except  for  the  case  of  co,,  Wo...&)  ; 

Yi  ^^•••■>^r  ...  ■        '' 

'^u'^2'"'^r  being  respectively  identical  with  A-i,/.^ ...  /-^ ;  l^,  l2'-l„ 

k    k  ...k 
for  ^vbich  case  R    '     -*"  '' must  be  unity.  I  have  gone  through 

']      Ly  'r 

this  calculation  and  verified  the  result ;  in  order  to  effect  which, 
however,  the  following  important  generalization  of  theorem  (1.) 
nnist  he  apprehended. 

Suppose  two  sets  of  umbrfe, 

«1        ffo  •  •   •  "»i  +  >i 
0|        Oq  .  .  .  0„i  +  n, 

and  let  (?-)  be  any  number  less  than  {n),  and  let  any  (r)-aiy  combi- 
nation of  the  m  numbers  1, 2, 3 ...  m  be  expressed  by  '^9-^,  ''^g"*'  no 
where  q  goes  through  all  the  values  intermediate  between  (1.) 
and  {fjb),  fx  being 

m.[m  —  \)  . .  .{in  —  r-\-\) 

t:2     .  .  .      r       ' 

Then  I  say,  that  the  compound  determinant, 


"f^9i"/*e.-  •  •  f'/^Om  ^»>  +  ^   '^'"  +  2  • 

•  •  ^^m  +  n\ 

Ofi      O/iQ    .  .  .  Oy.Q,n  Om  +  i   0,n^,--2  •  • 

•  b,n  +  ,i 

is  equal  to  the  following  product, 

rhc] 


and 


a,n+i.a,n+2  . .  •  a,nj^  m'     a  I  Oc, .  .  .  a,„+^^  I 

"w  + 1  •  ^(H  +  2  -  •  •  ffm  +  >i  IJi     be,  .  ,  .  0,n  +  n 

„_  (w  — l)(m— 2)  .  .  .  (m— ?•  +  !) 


(4-) 


H' 


1.2        ...        (r-y 


,_  (/«  — l)(w— .2)  .  .  .  (?n  — ?•) 
fx,  — 


1.2        ...  (r)       ' 

wlien  ?-=l,  we  have  the  ease  already  given  in  theorem  (2.),  and 
of  course  fi"  is  to  be  taken  unity. 

This  very  general  theorem  is  itself  several  degrees  removed 
from  my  still  unpublished  Fvuidamental  Theorem,  which  is  a 
theorem  for  the  expansion  of  the  products  of  determinants. 

2()  LiiK-olu's-Inn-Fields, 
March  1851. 

Ohs.  The  analogy  uj)on  which  the  extension  of  the  Yander- 
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mondian  notation  from  simple  to  compound  determinants  is 
grounded^  would  be  better  apprehended  if  the  biliteral  symbols  of 
simple  quantities  were  written  with  the  umbral  elements  disposed 

vertically,  as  ^,  instead  of  horizontally,  as  ab ;  which  latter  is  the 

method  for  the  purposes  of  typographical  uniformity  adopted  in 
the  text  above.  The  other  mode  is,  however,  much  to  be  pre- 
ferred, and  is  what  I  propose  hereafter  to  adhere  to.  For  my 
two  general  umbr?e  a,  b,  Vandermonde  uses  two  numbers,  one  set 
a-cock  upon  the  other,  as  o'^.  The  objection  to  the  use  of  num- 
bers is  apparent  as  soon  as  it  becomes  necessary  to  treat  of  the 
mutual  relations  of  diverse  systems  of  determinants,  and  his 
mode  of  writing  the  umbr?e  militates  against  the  perception  of 
the  most  valuable  algebraical  analogies.  The  one  important 
point  in  which  Vandermonde  has  anticipated  me,  consists  in  ex- 
pressing a  simple  determinant  by  two  liorizontal  rows  of  umbrae 
one  over  the  other.  But  the  idea  upon  which  this  depends  is  so 
simple  and  natural,  that  it  was  sure  to  reappear  in  any  v/ell-con- 
structed  system  of  notation. 


XXXVIII.  An  Examination  of  the  possible  effect  of  the  Radiation 
of  Heat  on  the  Propagation  of  Sound.     By  Professor  Stokes*. 

THE  appearance  of  an  article  by  Professor  Potter  in  a  former 
Number  of  this  Magazine,  in  which  he  attacks  the  received 
explanation  of  the  excess  of  tlie  observed  velocity  of  sound  over 
that  calculated  from  Newton's  theory,  induces  me  to  offer  a  few 
remarks  on  the  subject. 

In  the  first  place,  I  would  observe  that  Professor  Potter  seems 
to  have  supposed  that  Laplace's  explanation  was  equivalent  to 
this — that  the  condensation  produced  in  the  course  of  the  motion 
causes  an  elevation  of  temperature,  and  that  therefore  the  velocity 
of  propagation  is  increased,  inasmuch  as  the  velocity  increases 
with  the  temperature.  Such  a  ^•iew  of  the  subject  would  be 
altogether  erroneous.  The  actual  explanation  is  simply  as  fol- 
lows. In  consequence  of  the  heat  and  cold  produced  by  sudden 
condensation  and  rarefaction  respectively,  the  pressure  changes 
more  rapidly  with  a  change  of  density  than  it  would  do  if  it  varied 
as  the  density.  The  mathematical  calculation  of  the  velocity  of 
sound,  when  account  is  taken  of  the  change  of  temperature  pro- 
duced by  sudden  condensation  and  rarefaction,  is  very  simple, 
and  is  too  well  known  to  make  it  necessary  for  me  here  to  enter 
into  it.  The  slightest  examination  of  the  process  is  sufficient  to 
show,  that  the  development  of  cold  by  sudden  rarefaction  is  as 
much  an  essential  part  of  Laplace's  explanation  of  the  increase  in 

*  Communicated  bv  the  Author. 
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the  velocity  of  sound,  as  the  development  of  heat  by  sudden  con- 
densation. 

Professor  Potter's  objection  to  the  received  theory,  on  the 
ground  that  the  velocity  of  sound  is  independent  of  its  loudness 
and  pitch,  is,  in  fact,  no  objection  at  all,  inasmuch  as  this  is  a 
diz'ect  consequence  of  the  theory  in  question. 

Inasmuch  as  Laplace's  formula  is  a  rigorous  deduction  from 
the  physical  hjqjotheses  adopted,  there  is  no  way  of  escaping 
from  his  result  but  by  calling  in  (juestion  the  hypotheses  them- 
selves. Now  the  development  of  heat  and  cold  by  sudden  con- 
densation and  rarefaction  is  not  merely  a  hypothetical  cause,  the 
only  evidence  of  whose  existence  is  that  it  explains  the  phseno- 
mena,  but  is  a  well-known  physical  fact,  proved  by  direct  expe- 
riment. That  in  the  case  of  small  sudden  condensations  (positive 
or  negative)  the  increase  of  temperature  is  ultimately  propor- 
tional, cceteris  paribus,  to  the  condensation,  will  not,  it  is  pre- 
sumed, be  called  in  question.  The  only  way,  then,  of  escaping 
from  the  conclusion  that  the  velocity  of  sound  is  really  increased 
by  the  cause  assigned  is,  to  suppose  that  the  heat  produced  by 
condensation  passes  away  so  rapidly  by  radiation  that  the  result 
is  the  same  as  though  condensation  and  rarefaction  were  inca- 
pable of  changing  the  temperature  of  air.  This  supposition  ha's, 
in  fact,  already  been  made  by  Professor  Challis.  The  main 
object  of  the  present  communication  is  to  examine  the  con- 
sequences of  such  a  supposition,  in  order  to  make  out  whether 
it  be  tenable  or  not. 

Let  us  take  the  case  of  an  infinite  mass  of  homogeneous  elastic 
fluid,  acted  on  by  no  external  forces,  and  having  throughout  a 
uniform  temperature,  and  consequently  a  unifonn  pressui-e,  ex- 
cept in  so  far  as  the  pressure,  and  consequently  the  temperature, 
arc  affected  by  small  vibratory  movements.  Let  the  fluid  be 
referred  to  the  rectangular  axes  of  x,  y,  z ;  let  u,  v,  w  be  the. 
components  of  the  velocity,  t  the  time,  p  the  pressure,  p  the 
density  in  equilibrium,  p(l+.s)  the  actual  density,  so  that  s  is 
the  condensation.  The  three  ordinary  equations  of  motion  and 
the  equation  of  continuity  become  in  this  case,  on  neglecting  as 
usual  the  squares  of  small  quantities, 

dp  _         clu      dp  _         dv      dp  _         ^  (-,  X 

d^~'~P'dt'     dii~~^dt'     Tz'^^li'  '     '      ^^'^ 

ds       du       dv       dir       „  ,„  v 

*+s  +  rf^  +  2r=o <^-) 

Let  6(y  be  the  temperature  in  equilibrium,  6q  +  6  the  actual 
temperature.  Then  p  =  kQp{l+s){l  +  chqOq -t  6).  Putting  k  for 
^o(l  +  «o^o)^  «  f^i"  «o(i+«o^o)~S  ^"^^  neglecting  the  product  of 
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s  and  9,  which  are  both  small  quantities  of  the  fii'st  order,  we  get 

p  =  kp{l+s  +  ad) (3.) 

It  remains  to  form  the  equation  relating  to  the  changes  of 
temperature.  Let  ^s  be  the  elevation  of  temperature  produced 
by  a  sudden  small  condensation  5.  The  condensation  which  a 
given  element  of  the  Huid  receives  in  the  time  dt  is  equal  to  ^dt, 
where 

,      ds         ds         ds  ds       ds  , 

and  the  elevation  of  temperature  due  to  this  condensation  is  equal 
to  /Ss'dt.  We  know  that  heat  radiates  fi-eely  to  great  distances  in 
air,  and  therefore,  of  the  heat  which  radiates  from  the  element 
considered,  we  may  neglect  the  small  portion  wliich  may  be 
absorbed  by  the  air  in  its  neighbourhood,  and  consider  only  what 
goes  to  great  distances.  Hence  the  result  will  be  sensibly  the  same 
as  if  the  element  radiated  into  a  medium  having  the  constant  tem- 
peratm-e  6q,  which  is  the  mean  temperatm-e  of  the  whole.  The 
quantity,  then,  which  escapes  from  the  element  during  the  time 
dt,  will  be  proportional  to  the  small  excess  6  of  the  temperatui-e 
of  the  element  over  the  mean  temperature  of  the  medium ;  and 
the  consequent  depression  of  temperatui-e  may  be  expressed  by 
qddt,  where  5  is  a  constant  which  may  be  called  the  velocity  of 
cooling  referred  to  a  difference  of  temperature  unity.  We  have, 
therefore, 

dd      ^ds         ^  /^  \ 

*=^rfr-«^ (*•> 

The  six  general  equations  (1.),  (2.),  (3.),  (4.)  seiTe,  along  with 
the  equations  of  condition  relating  to  any  particular  problem,  to 
make  known  the  sLx  unknown  quantities  u,  v,  w,  p,  s,  6. 

To  simplify  the  question  as  much  as  possible,  I  shall  take  the 
case  of  plane  waves.  Taking  the  axis  of  x  perpendicular  to  the 
planes  of  the  waves,  we  have  t'  =  0,  w=.Q,  and  u,  p,  s,  6  will  be 
functions  of  only  w  and  f.     The  equations  (1.)  and  (2.)  become 

dp  du.      ds        du      ^  ,^  . 

-dFc  =  -Plt'    dt+lh'=^'     ■    -    '    -    ^"'^ 

and  eliminating  J9  and  u  from  these  equations  and  (3.),  we  get 
d^s      ^(d'^s        d^e\ 

Eliminating  6  between  (4.)  and  (6.),  we  get 

K-dt'-Vw='V'+^^^W^Jd^-  ■  •  (^-^ 
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This  equation  is  satisiied  by 

s  =  A!  €'"''+"'', (8.) 

where  A'  is  an  arbitrary  constant^  real  or  imaginary,  and  in',  n' 
arc  two  real  or  imaginaiy  constants  connected  1)y  the  equation 

-k{{\+y.^)n'-^q} ^""-^ 

If  we  suppose  rn'  wholly  imaginary,  the  formulae  will  refer  to 
an  infinite  series  of  waves,  the  expressions  for  s,  &c.  involving  x 
under  the  circular  functions  sine  and  cosine.  In  this  case  our 
formulae  would  make  known  the  manner  in  which  the  motion 
alters  ^^  ith  the  time.  If  we  suppose  n'  wholly  imaginary,  the 
motion  will  be  periodic  as  regards  the  time.  In  this  case  we 
must  not  suppose  the  fluid  unlimited,  but  bounded  in  one  direc- 
tion by  a  vibrating  plane  which  keeps  up  the  motion.  I  shall 
select  the  second  case  for  consideration,  inasmuch  as  it  is  analo- 
gous to  that  of  the  vibrations  propagated  along  a  long  tube  from 
a  sonorous  body  at  one  end  of  it,  and  accordingly  will  bear  on 
the  experiments  by  which  ^l.  Biot  proved  that  the  velocity  of 
propagation  of  sound  in  air  is  independent  of  the  pitch. 

Let  the  origin  be  situated  at  the  vibrating  plane,  and  let  us 
consider  the  motion  of  the  tluid  situated  at  the  side  of  x  positive. 
Let  m  be  what  m'  becomes  when  «'  is  replaced  by  v^  —  In.  The 
equation  (9.)  furnishes  two  values  of  m,  corresponding  to  two 
series  of  waves,  which  travel,  one  in  the  positive,  and  the  other 
in  the  negative  dii'cctiou.  Of  course  we  are  only  concerned  with 
the  former.    We  get  from  (9.) 

m2=-/^^2(cos2i/r-  v/^sin2A|r),     .     .     .     (10.) 


where 


=  JL(' ^!+i^y  (II)' 


2^=  ta„-'ii+^'  -t»n-.^  =  tan-.   ,^f''t^..     (12.) 

Choosing  that  root  of  ?n'-^  which  corresponds  to  waves  travelling 
in  the  positive  direction,  we  get  from  (10.) 

;/i=—  V  —  \fi[co%y^—  \^  —  1  sin  t//")  . 

Substituting  in  (8.),  introducing  another  function  got  by 
changing  the  sign  of  v^  —  1  and  taking  a  ncAV  arbitrary  couhtant, 
changing  the  arbitrary  constants  so  as  to  get  rid  of  the  imaginary 
quantities,  and  altering  the  origin  of  the  time  so  as  to  get  rid  of 
one  of  the  circular  functions,  we  get 

s  =  Ae~''*'"^"'*  cos  (??/— /xcosT/r..r).     .     .     (13.) 
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It  will  be  easily  seen  tliat  the  expi'essions  for  6,  a,  and  p  are 
of  the  same  form^  that  is  to  say^  that  they  involve  the  same  ex- 
ponential multiplied  by  a  sine  or  cosine  of  the  same  angle.  Had 
the  actual  expressions  been  required,,  it  would  have  been  shorter 
to  defer  the  substitution  of  real  for  imaginary  quantities  until 
after  the  imaginary  expressions  for  6,  u,  and  p  had  been  obtained. 

Now  the  formula  (13.)  shows,  that  unless  sin  a/t  be  insensible, 
sound  cannot  be  propagated  to  a  distance,  but  must  be  stifled 
in  the  neighbourhood  of  the  vibrating  body  by  which  it  is  excited. 
Since  we  know  very  well  that  this  is  not  the  case,  we  are  taught 
that  sin  -^^  is  insensible,  and  therefore  i/r  itself,  since  -v/r  denotes 

an  angle  lying  between  0  and  —.    The  formula  (13.)  shows,  that 

if  V  be  the  velocity  of  propagation,  \' =«/!,"'  sec  i/r,  which,  when 
i/r  is  insensible,  reduces  itself  to  /lya""^  Referring  to  (12.),  we  see 
that,  in  order  that  y^r  may  be  insensible,  it  is  necessaiy  to  sup- 
pose, cither  that  q  is  incomparably  greater  than  n,  or  that  n  is 
incompai'ably  greater  than  q.  On  the  former  supposition  the 
formula  (11.)  gives  V=  \^k,  which  is  equivalent  to  Newton^s 
result.  On  the  latter  supposition  we  get  Y=  \/  k{\  +  a^),  which 
is  equivalent  to  Laplace's  result. 

The  reason  why  sound  would  be  so  rapidly  stifled  were  q  and 
n  comparable  with  each  other,  may  be  easily  seen  on  taking  a 
common-sense  view  of  the  subject.  Conceive  a  mass  of  air  con- 
tained in  a  cylinder  in  which  an  air-tight  piston  fits,  which  is 
capable  of  moving  ^^ithout  friction,  and  which  has  its  outer  face 
exposed  to  a  constant  atmospheric  pressure ;  and  suppose  the 
air  alternately  compressed  and  rarefied  by  the  motion  of  the 
piston.  If  the  motion  take  place  with  extreme  slowness,  there 
will  be  no  sensible  change  of  temperature,  and  therefore  the 
work  done  on  the  air  during  compression  will  be  given  out  again 
by  the  air  during  expansion,  inasmuch  as  the  pressure  on  the 
piston  will  be  the  same  when  tlie  piston  is  at  the  same  point  of 
the  cylinder,  whether  it  be  moving  forwards  or  backwards. 
Similarly,  the  work  done  in  rarefying  the  air  will  be  given  out 
again  by  the  atmosphere  as  the  piston  returns  towards  its  posi- 
tion of  equilibrium,  so  that  the  motion  would  go  on  without  any 
permanent  consumption  of  labouring  force.  Next,  suppose  the 
motion  of  the  piston  somewhat  quicker,  so  that  there  is  a  sen- 
sible change  of  temperature  produced  by  condensation  and  rare- 
faction. As  the  piston  moves  forward  in  condensing  the  air,  the 
temperature  rises,  and  therefore  the  piston  has  to  work  against 
a  pressure  greater  than  if  there  had  been  no  variation  of  tempe- 
rature. By  the  time  the  piston  returns,  a  good  portion  of  the 
heat  developed  by  compression  has  passed  off^,  and  therefore  the 
piston  is  not  helped  as  much  in  its  backward  motion  by  the  pres- 
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sure  of  the  air  in  the  cylinder  as  it  had  l)een  opposed  in  its  for- 
ward motion.  Similarly,  as  the  piston  rontinnes  its  backward 
motion,  rarefying  the  air,  the  tcmjicraturc  falls,  the  pressure  of 
the  air  in  the  cylinder  is  diminished  more  than  corresponds 
merely  to  the  change  of  density,  and  therefore  the  piston  is  less 
helped  in  opposing  the  atmospheric  ]nTssure  than  it  would  have 
been  had  the  temperatiu'e  remained  constant.  But  by  the  time 
the  piston  is  returning  towards  its  position  of  ecpulibrium,  the 
cold  has  diminished  in  consequence  of  the  supply  of  heat  from 
the  sides  of  the  cylinder,  and  therefore  the  force  urging  the 
piston  forward,  arising,  as  it  does,  from  the  excess  of  the  external 
over  the  internal  pressure,  is  less  than  that  which  opposed  the 
piston  in  moving  from  its  ])osition  of  equilibrium.  Hence  in 
this  case  the  motion  of  the  piston  could  not  be  kept  up  without 
a  continual  supply  of  labouring  force.  Lastly,  suppose  the  pis- 
ton to  oscillate  with  great  rapidity,  so  that  there  is  not  time  for 
any  sensible  qiiantity  of  heat  to  pass  and  repass  between  the  air 
and  the  sides  of  the  cylinder.  In  this  case  the  pressures  would 
be  equal  when  the  piston  was  at  a  given  point  of  the  cylinder, 
whether  it  were  going  or  returning,  and  consequently  there  would 
be  no  permanent  consumption  of  labouring  force.  I  do  not 
speak  of  the  disturbance  of  the  external  an-,  because  I  am  not 
now  taking  into  account  the  inertia  of  the  air  either  within  or 
^\nthout  the  cylinder.  The  third  case,  then,  is  similar  to  the  first, 
so  far  as  regards  the  permanence  of  the  motion ;  but  there  is 
this  difference ;  that,  in  consequence  of  the  heat  produced  by 
compression  and  the  cold  produced  by  rarefaction,  the  force 
lu-ging  the  piston  towards  its  position  of  equilibrium,  on  which- 
ever side  of  that  position  the  piston  may  happen  to  be,  is  greater 
than  it  would  have  been  had  the  temperature  reir.ained  unaltered. 
Now  the  first  case  is  analogous  to  that  of  the  sonorous  vibra- 
tions of  air  when  the  heat  and  cold  produced  by  sudden  conden- 
sation and  rarefaction  are  supposed  to  pass  away  with  great 
rapidity.  For  we  are  evidently  concerned  only  with  the  relative 
rates  at  which  the  phase  of  vibration  changes,  and  the  heat 
causing  the  excess  of  temperature  6  passes  away,  so  that  it  is 
perfectly  immaterial  whether  we  suppose  the  change  of  motion 
to  be  very  slow,  or  the  cooling  of  heated  air  to  be  very  rapid. 
The  second  case  is  analogous  to  that  of  sound,  when  we  suppose 
the  constants  q  and  n  comparable  with  each  other  ;  and  we  thus 
see  how  it  is,  that,  on  such  a  supposition,  labouring  force  would 
be  so  rapidly  consumed,  and  the  sound  so  rapidly  stified.  The 
third  case  is  analogous  to  that  of  sound  when  we  make  the  usual 
supposition,  that  the  alternations  of  condensation  and  rarefaction 
take  place  with  too  great  rapidity  to  allow  a  given  portion  of  air 
to  acquire  or  lose  any  sensible  portion  of  heat  by  radiation.  The 
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increase  in  the  force  of  restitution  of  the  piston,  arising  fi'om  the 
alternate  elevation  and  depression  of  temperature,  is  analogous 
to  the  increase  in  the  forces  of  restitution  of  the  particles  of  air 
arising  from  the  same  cause,  to  which  corresponds  an  increase 
in  the  velocity  of  propagation  of  sound. 

Another  consequence  follows  from  the  formula  (13.),  which 
deserves  to  be  noticed.  AYe  have  already  seen  that  this  formula 
gives  nyu,"'  sec  ■^  for  the  value  of  Y,  the  velocity  of  propagation. 
Putting  for  shortness 

l+«y3  =  K, (14.) 

we  get  from  (11.)  and  (12.),  , 

~  K/i2  +  ^2  +  v/  { (KV  +  q^)  [n^  +  ^2)  }  ■    •      •      ^       -* 

Hence  if  q  be  comparable  with  n,  V,  which  is  a  function  of  the 
ratio  of  q  to  n,  will  change  with  n,  and  therefore  the  velocity  of 
propagation  ^dll  depend  upon  the  pitch,  which  is  contraiy  to 
obsen'ation.  But  if  q  be  either  incomparably  greater  or  incom- 
parably smaller  than  n,  Y  ^-ill  assume  one  or  other  of  its  limiting 
values  Vk,  VkK;  and  the  velocity  of  propagation  will  be  inde- 
pendent of  the  pitch,  as  observation  shows  it  to  be.  We  are  thus 
led,  by  considering  the  velocity  of  propagation,  to  the  same  con- 
clusion as  was  deduced  from  the  circumstance  that  sound  is 
capable  of  travelling  to  a  distance. 

Since,  then,  we  are  driven  to  one  or  other  of  the  alternatives 
above  mentioned,  it  only  remains  to  decide  which  we  must  choose. 
But  before  entering  on  this  subject,  it  will  be  proper  to  consider 
whether  the  formula  (13.)  is  of  sufficient  generality. 

In  the  first  place  we  may  observe,  that  the  formula  (13.)  is 
only  a  particular  integral  of  (7.).  It  is  adapted  to  the  case  in 
which  the  motion  is  kept  up  by  a  Nabrating  plane,  which  agrees 
most  nearly  with  the  circumstances  of  ordinary  experiments ; 
but  a  particular  law  of  distm'bance  as  regards  the  time  is  assumed, 
namely,  that  expressed  by  a  single  circular  fimction.  Now  we 
know  that  any  periodic  function  of  the  time,  having  t  for  its 
period,  may  be  expressed  by  the  sum  of  a  finite  or  infinite  number 
of  circular  functions  having  for  their  periods  t  and  its  submul- 
tiples ;  and  even  a  non-periodic  function  may  be  expressed  by  a 
definite  integral,  of  which  each  element  denotes  a  circular  func- 
tion. So  far,  therefore,  the  formula  (13.)  is  of  sufficient  gene- 
rality. 

In  the  next  place,  the  formula  (13.)  applies  to  motion  in  one 
dimensioii  only.  But  had  we  employed  the  general  equations 
(1.),  (2.),  which  relate  to  motion  in  three  dimensions,  we  should 
have  obtained  the  same  partial  differential  equation  as  (7.),  with 
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the  exce])tioii  that  the  last  term  outside  the  brackets  would  have 
been  replaced  by 

d^s       d^s       d^s 

d^  "•■  df  "^  dP' 

If  now  we  take  the  case  next  in  order  of  simplicity,  in  which  the 
motion  is  symnietrieal  about  a  centre,  and  put  /•  for  the  distance 
of  any  point  from  the  centre,  we  shall  get  for  the  determination 
of  7's  the  same  partial  differential  equation  as  (7.),  with  the  ex- 
ception that  X  will  be  replaced  by  ;•.  To  obtain,  therefore,  the 
integral  corresponding  to  (13.),  it  Avill  be  sufficient  to  replace  x 
by  r  and  divide  the  second  member  by  r.  This  integral  would 
a])i)iy  to  the  ease  of  the  disturbance  produced  by  a  vibrating  sphe- 
rical body,  in  which  the  motion  is  supposed  to  be  symmetrical 
with  respect  to  the  centre.  And  in  the  more  general  case  of  a 
vibrating  body  of  irregidar  form,  or  a  musical  instrument,  or  any 
other  source  of  sound,  the  conclusions  would  doubtless  be  the 
same  as  to  their  leading  features. 

There  remains  a  more  important  point  to  be  considered  before 
we  apply  the  formula  (13.)  to  the  vibrations  of  air  within  along 
tube.  At  first  sight  it  might  seem  that  the  radiation  of  heat 
within  a  tube  must  take  place  in  a  manner  altogether  different 
from  that  in  which  it  would  take  place  in  free  air.  But  a  little 
consideration  will  show,  I  think,  that  such  is  not  the  case.  Of 
the  heat  radiating  from  any  particle  of  air  which  has  been  slightly 
heated  by  condensation,  any  particular  ray  is  incident  on  the 
side  of  the  tube,  where  it  is  partly  absorbed,  partly  reflected, 
and,  it  may  be,  partly  scattered.  The  reflected  ray,  or  any  one 
of  the  scattered  rays,  is  again  incident  on  the  side  of  the  tube, 
where  a  good  portion  is  absorbed,  and  so  on.  The  small  quan- 
tity of  radiant  heat  which  remains  after  three  or  four  reflexions 
may  be  regarded  as  insensible.  Now  since  radiant  heat  travels 
with  a  velocity  ecpial  to,  or  at  any  rate  comparable  with,  that  of 
light,  we  may  neglect  as  altogether  insensible  the  time  which 
any  portion  of  heat,  once  become  radiant,  takes  to  be  absorbed. 
]Moreover,  we  may  neglect  the  small  portion  of  heat  reabsorbed 
by  the  air  itself,  because  a  ray  of  heat  has  only  to  traverse  a 
length  of  air  comjiarable  with  three  or  four  diameters  of  the  tube 
before  it  is  absorbed  by  the  tube.  Hence  we  may  conceive  a 
small  periodic  flux  of  heat  as  taking  place  across  the  inner  sm*- 
face  of  the  tidoe.  Now  it  follows  from  the  mathematical  theory 
of  beat,  that  when  a  periodic  flux  of  heat  takes  place  at  the  sm*- 
face  of  a  solid,  the  corresponding  variation  in  the  temperature  of 
the  solid  near  the  surface  is  very  small  if  the  period  be  very 
small.  If  we  suppose  the  flux  expressed  by  the  sine  or  cosine 
of  an  angle  proportional  to  the  time,  the  expression  for  the  fluc- 
tuation of  temperatm'e  will  involve  in  its  coefficient  the  square 
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i*oot  of  the  period.  In  the  present  case,  the  period  with  which 
we  have  to  deal  is  that  of  a  sonorous  vibration,  a  time  which 
must  be  regarded  as  extremely  small  in  questions  relating  to  the 
conduction  of  heat.  Hence,  if  t  be  the  period  of  vibration,  the 
fluctuation  of  temperature  of  the  tube  will  be  a  small  quantity 
of  the  order  Vt  compared  with  the  flux  of  heat.  Now  if  H,  h 
be  the  interior  and  exterior  conducti\ities,  v  a  normal  to  the  inner 
surface  of  the  tube,  drawn  from  the  tube  inwards,  6^  the  excess 
of  temperature  of  the  tube  above  the  mean  temperature  6q  ;  and 
if  we  suppose  the  surface  to  be  plane,  and  to  radiate  into  an  in- 
finitely extended  medium  at  a  temperature  Oq-^-O,  where  6  is 
supposed  to  be  constant  as  regards  space,  but  to  be  a  periodic 
function  of  the  time,  we  must  have  at  the  inner  surface  of  the 
tube 

Now,  according  to  what  has  been  already  remarked,  ^'  is  a  small 

d& 
quantity  of  the  order  -v/r  comjiared  with  -y- ;  and  it  follows  from 

the  above  equation,  that  -^  is  comparable  with  6,  and  therefore 

6^  is  a  small  quantity  of  the  order  \/t  compared  with  9.  Hence, 
even  in  the  case  above  supposed,  the  fluctuation  of  temperature 
of  the  tube  at  the  surface  would  be  very  small.  But  in  the 
actual  case,  the  tube  radiates,  not  into  an  infinite  medium,  but 
merely  across  the  air  contained  within  it,  beyond  which  is  situated 
the  opposite  face  of  the  tube,  at  a  temperature  equal  to  the  fii'st 
face ;  and  therefore  the  fluctuation  of  temperature  of  the  inner 
sm-face  of  the  tube  will  be  far  smaller  than  in  the  case  supposed 
above,  so  as  to  be  altogether  insensible.  Hence  the  air  radiates 
within  an  envelope  at  a  temperature  6q,  so  that  the  radiation 
takes  place  as  if  the  air  heated  by  compression  radiated  into  an 
infinite  medium  at  a  temperature  6q.  Of  course  the  same  rea- 
soning will  apply  to  the  apparent  radiation  of  cold.  Hence  the 
formula  (13.)  may  be  applied  without  change  to  the  vibration  of 
the  air  within  a  long  tube,  and  accordingly  may  be  employed  in 
considering  the  experiments  of  M.  Biot  above  alluded  to. 

The  preceding  view  of  the  eficct  of  radiation  ^vithin  a  tube  is 
very  different  from  that  taken  by  M.  Poisson  in  his  Traite  de 
Mecanique  (vol.  ii.  art.  665).  The  latter,  however,  is  contained 
in  a  mere  passing  remark  offered  by  way  of  conjecture,  and  pro- 
bably WTitten  ^vithout  much  consideration,  and  therefore  ought 
hardly  to  be  regarded  as  supported  by  Poisson^s  authority. 

Let  us  now  pass  to  numerical  values,  in  order  to  make  out, 
independently  of  any  assumption  respecting  the  true  explanation 
of  the  velocity  of  sound,  whether  q  must  be  regarded  as  very 
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errcat  or  very  small  compared  with  /?.  It  follows  from  (13.)  that 
tlie  decrease  of  intensity  in  going  one  wave's  length  in  the  direc- 
tion of  propagation  is  a  maximum  when  tan  -v/r,  and  therefore 
A^,  is  a  maximum.  Now  (12.)  shows  that  i/r  is  a  maximum 
when 

^  =  v/K, (16.) 

n  ' 

K  being  the  quantity  defined  by  (1-i.).  For  the  above  value  of 
q  we  get  from  (11.)  and  (12.), 

fi  =  nk-^K-\     2^/r=tan-'K*-tan"'K-*.     .     (17.) 

The  velocity  of  propagation,  which  is  equal  to  w/t~'sec  yjr,  does 
not  much  differ  from  n/j,~\  since  yfr,  as  will  immediately  appear, 
is  not  very  large.  It  may  be  observed,  that  the  expression  for 
w/A~'  given  by  the  first  of  equations  (17.),  is  a  geometric  mean 
between  the  velocities  of  propagation  resulting  from  the  theories 
of  NevAi;on  and  Laplace. 

The  value  of  K,  deduced  from  experiments  in  which  the  theory 
of  sound  is  not  assumed,  is  about  1-36*,  whence  2'\|r  =  8°  47 . 
If  —  /  be  the  index  of  e  in  (13.)  when  x  is  equal  to  one  wave's 
length, we  have /j, sin ■\lr.x  =  I, /j, cos '*jr.x  =  27r, whence  /=  27r tan yjr, 
e~'=0'6172;  so  that  the  intensity,  supposed  to  vary  as  the 
square  of  the  amplitude  of  vibration,  would  be  diminished  in  the 
ratio  of  2*62o  to  1.  Supposing  the  period  of  vibration  to  be 
the  j^^dth  part  of  a  second,  which  would  correspond  to  a  note 
of  moderate  pitch,  and  taking  the  velocity  of  propagation  at  1100 
feet  per  second,  we  should  have  44  inches  for  the  length  of  one 
wave.  Hence  in  travelling  20  yards,  or  16*36  wave-lengths,  the 
intensity  would  be  diminished  in  the  ratio  of  (2"625)'^'^^  to  1,  or 
about  7  millions  to  1 .  A  decrease  of  intensity  like  this  is  utterly 
contrary  to  observation,  and  therefore  we  are  really  compelled  to 
suppose  that  the  ratio  of  q  to  n  is  either  very  much  greater  or 
very  much  less  than  what  has  just  been  determined.  Since  in 
the  case  supposed  n=2'7rT~*  =  6007r,  we  get  from  (16.) 

9  =  2198, (18.) 

which,  it  is  to  be  remembered,  is  referred  to  a  second  as  the 
unit  of  time. 

Let  us  now,  adopting  this  value  of  q,  examine  a  little  at  what 
rate  a  small  portion  of  heated  air,  situated  in  other  air  which  has 
not  been  heated,  would  cool  by  radiation.     If  0  be  the  excess  of 

*  Poisson,  Traite  de  Mecanique,  vol.  ii.  art.  637.  The  value  deduced 
from  the  observed  velocity  of  sound  is  somewhat  larger,  and  is  more  likely 
to  be  correct.  I  have  employed  the  value  136  in  order  to  avoid  arguing  in 
a  circle,  because  I  am  reasoning  as  if  the  received  theory  of  sound  were  not 
established. 
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tlie  temperature  of  the  heated  air  over  that  of  the  surrounding 
ail',  we  should  have,  supposing  6  to  be  sufficiently  small  to  allow 
us  to  adopt  Newton's  law  of  cooling, 

dd  . 

It.—'l^' 

from  which  it  follows  that  the  excess  of  temperature  would  be 
diminished  during  the  time  /  in  the  ratio  of  e«'  to  1.  It  would 
follow  from  the  numerical  value  of  q  above  given,  that,  even  in 
so  short  a  time  as  the  hundredth  part  of  a  second,  the  tempera- 
ture would  be  reduced  in  the  ratio  of  about  3514  millions  to  1. 
Such  rapidity  of  cooling  as  this  is  utterly  contrary  to  observation. 
Put  a  poker  into  the  fii-e,  and  when  it  is  hot  look  along  it,  and  an 
ascending  stream  of  heated  air  will  be  rendered  visible  by  the 
distortion  which  it  produces  in  objects  seen  through  it,  in  con- 
sequence of  the  (hminution  of  refractive  power  accompanying 
the  rarefaction  produced  by  heat.  But  were  the  rate  of  cooling 
anji:hing  like  what  has  just  been  determined,  no  such  stream 
could  exist.  Yet  we  have  seen  that  the  observed  fact,  that  sound 
is  propagated  to  a  distance,  obliges  us  to  suppose  that  the  rate 
of  cooling  is  either  immensely  greater  or  immensely  less  than 
corresponds  to  §'=2198.  It  is  needless  now  to  say  which  alter- 
native we  must  choose.  Accordingly,  no  doubt  whatever  exists 
as  to  the  correctness  of  Laplace's  explanation  of  the  excess  of  the 
obsened  velocity  of  sound  over  that  calculated  by  Ne^\-ton. 

Now  that  it  has  been  decided  which  of  the  two  ratios  n  :  q  and 
q  :  n  we  must  regard  as  extremely  small,  we  may  simplify  the 
formula  (13.)  by  retaining  only  the  first  power  of  the  ratio  in 
question,  and  we  shall  thus  be  the  more  readily  enabled  to  see 
in  what  direction  we  must  look  for  the  fii'st  faint  indications  of 
the  effect  of  radiation.  Retaining  only  the  first  power  of  q,  and 
putting  ?«  =  V^,  y[i  =  27r\~',  where  \=\/{kK),  the  velocity  of 
propagation,  we  get  from  (11. )j  (12.)  and  (13.), 

,  —  1  9-^ 
5=Ae~^^"^    ^2\^cos~!r(V/-.r).        .     .     (19.) 
A, 

Hence  it  is  to  a  diminution  of  intensity,  rather  than  to  an  alteration 
of  velocity  coiTesponding  to  an  alteration  of  pitch,  that  we  are 
to  look  for  the  effect  of  radiation.  Now  that  the  objection  raised 
against  Laplace's  explanation  of  the  velocity  of  sound  has  been 
answered,  we  may  take  1*414  for  the  value  of  k,  this  being  the 
mean  of  the  values  quoted  by  Poisson  in  art.  664,  which  were 
deduced  from  the  velocity  of  sound,  and  are  probably  nearer  the 
truth  than  the  somewhat  smaller  values  determined  by  a  different 
process.    Putting  K=l"414,  V=1100,  taking  the  square  of  the 

Y2 
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coefficient  as  a  measure  of  the  intensity,  and  puttinp:  N  :  1  for 
the  ratio  in  which  the  intensity  is  diminished  while  the  sound 
travels,  without  divergence,  over  a  length  w,  we  get 

Iog,„N  =  0-0001 156rya:,     ....     (20.) 

the  units  of  time  and  space  to  which  q  and  x  are  respectively 
refeiTcd  being  a  second  and  a  foot. 

From  the  account  of  M.  Biot's  experiments  given  by  Sir  John 
Herschel  in  art.  24  of  his  Treatise  on  Sound*,  it  would  seem 
that  the  diminution  of  intensity  which  we  can  by  any  possibility 
refer  to  radiation  must  be  very  small,  especially  when  we  re- 
member tliat,  in  the  case  of  these  ex])eriments,  the  intensity 
would  be  diminished  by  a  sort  of  reflexion  at  the  bendings  of  the 
tube,  as  well  as  by  the  friction  of  the  air  against  the  sides  of  the 
tube,  and  the  internal  friction  of  the  air  itself.  That  the  cause 
last  mentioned  would  produce  a  small  but  not  utterly  insensible 
effect  in  causing  a  diminution  of  intensity,  I  have  showni  in  the 
course  of  a  paper  "  On  the  effect  of  the  Internal  Friction  of 
Fluids  on  the  ]\Iotion  of  Pendulums,"  recently  read  before  the 
Cambridge  Philosophical  Society.  If  we  suppose,  at  a  venture, 
that  a  diminution  of  intensity  in  the  ratio  of  2  to  1  is  the  utmost 
which  we  can  attribute  to  radiation  in  the  case  of  M.  Biot's  ex- 
periments, putting  N  =  2,  and  a:=3120,  the  length  of  the  tube 
in  feet,  we  get  from  (20.)  ^  =  0'834  for  a  superior  limit  of  q.  If 
we  suppose  5^  =  0"834,  we  get  for  the  ratio  in  which  the  tempe- 
rature of  a  small  portion  of  slightly  heated  air  would  be  dimi- 
nished in  the  course  of  one  second,  1  to  e~',  or  1  to  0-4343,  or 
7  to  3  nearly.  It  is  curious  that  it  should,  theoretically  speaking, 
be  possible  to  assign  a  superior  limit  to  the  velocity  of  cooling 
of  heated  air  by  observations  on  sound ;  but  I  imagine  that  the 
real  value  of  (/  is  a  good  deal  smaller  than  any  limit  which  it 
would  be  practically  possible  to  assign  in  this  way. 

As  the  present  communication  is  not  exactly  intended  to  be 
controversial,  I  refrain  from  criticising  the  strange  process  by 
which  Professor  Potter  attempts  to  obtain  a  new  value  for  the 
velocity  of  sound. 

Pembroke  College, 
Feb.  6,  1851 . 

P.S.  The  above  paper  was  written  and  fon\'arded  to  the  editors 
before  the  publication  of  an  article  by  Mr.  Rankine,  which  has 
appeared  in  the  ]\Iarcli  Number,  othenvise  I  should  have  con- 
tented myself  by  simply  referring  to  Mr.  Rankine's  paper,  so  far 
as  relates  to  the  point  there  discussed. 

I  have  supposed,  as  was  already  observed,  that  radiant  heat  is 

*  Encyclopcedia  Metropolitana,  art.  Sound. 
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capable  of  traversing  great  lengths  of  air  before  any  considerable 
portion  of  it  is  absorbed.  This  is  especially  the  case  with  heat 
of  such  high  refrangibility  as  to  place  it  within  the  limits  of  the 
visible  spectrum  ;  whereas  heat  of  low  refrangibility^  such  as  that 
which  would  emanate  fi'om  slightly  heated  air^  is  absorbed  more 
rapidly.  Should  the  distance  to  which  radiant  heat  can  proceed 
in  air  before  a  given  fraction  of  it,  such  as  one -half,  is  absorbed, 
not  be  extremely  great  compared  with  the  length  of  a  wave  of 
sound,  it  may  be  seen  after  a  little  reflection  that  the  general 
conclusions  arrived  at  will  be  vuichanged,  though  the  numerical 
details  would  be  somewhat  altered.  I  have  not  met  with  any 
experiments  relating  to  the  absorption  of  non-luminous  heat  by 
ail*  which  could  be  made  a  foundation  for  numerical  calculation. 
March  11,  1851. 


XXXIX.  A  Reply  to  the  Observations  o/Mr.  Rankine  in  the  last 
Number  of  the  Magazine.     By  Professor  Potter,  A.M.^ 

IN  the  last  Number  of  the  Magazine,  Mr.  Eankine  says  he 
thinks  I  have  misunderstood  "  the  theorj^  of  Laplace  and 
Poisson  as  to  the  propagation  of  sound  in  gases  :"  I  assure  him 
I  have  never  so  misunderstood  that  theoiy  as  to  think  it  to  be  a 
solution  of  the  problem,  but  have  always  considered  it  as  begging 
the  question.  It  does  not  appear  as  if  Poisson  looked  upon  it 
at  all  in  the  light  of  a  strict  solution,  when  he  had  first  in  1807 1, 
put  Laplace^  s  views  into  a  tangible  mathematical  form  ;  for  he 
says,  "En  admettant  ce  resultat,  qu'on  ne  pent  verifier  par 
aucune  experience  directe,  on  fera  disparaitre  la  difi"erence  que 
Newton  a  remarquee,  le  premier,  entre  la  vitesse  du  son  donnee 
par  calcul,  et  celle  qui  resulte  de  Pobservation."  Tlie  amended 
calculations  have,  however,  always  been  far  from  close  approxi- 
mations to  the  true  velocity. 

In  showing  the  point  of  failure  in  the  solutions,  I  shall  refer 
to  the  simplest  and  most  improved  form,  as  given  in  Poisson^s 
Traite  de  Mecanique,  edition  1833,  vol.  ii.  p.  695.  He  there 
puts  gmh  equal  to  the  pressure  in  the  gas  before  disturbance,  ff 
being  the  force  of  gi*avity,  m  the  density  of  mercury,  and  h  the 
height  of  the  barometric  column.  In  the  state  of  motion,  and 
neglecting  change  of  temperature,  the  pressui-e  {p)  will  be  re- 
presented by 

gm]i[\  -\-s), 

where  s  represents  the  condensation  positive  or  negative.     He 

*  Communifated  by  the  Author. 

t  See  Journal  de  VEcole  Folytechnique,  cahier  XIV.  pp.  363,  361. 
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then  says,  "  Nous  supposerons  done  qii'on  ait,  en  general, 

p=p7ih{l+s  +  (r) ; 

a  designant  une  quantite  de  nieme  signe  que  s,  ct  qui  en  est 
une  certaine  function,  A  cause  de  la  petitesse  de  s,  on  pent  sup- 
poser  cette  quantite  a  proportionelle  a  s,  et  faire 

<T  =  ^s; 

/S  etant  un  coefficient  positif  et  independant  de  s." 

Now  the  only  condition  which  we  have  between  a  and  *■  is, 
that  thev  must  be  of  the  same  sign  ;  so  that  if  we  put 

and  expand  f{s)  in  a  series  ascending  by  integral  powers  of  s,  we 
must  have  the  index  of  the  first  term  an  odd  integer ;  and  also 
since  s  is  small,  we  might  neglect  all  tex'msbut  the  first,  and  put 

cr  =  ^s,  or  a  =  ^s^,  or  cr  =  /3j.'^,  &c. 

Now  to  take  the  first  of  these  without  any  reason,  more  than  the 
need  to  procure  a  solution  of  the  problem  under  investigation,  is 
a  pure  assumption ;  and  the  whole  process  fails  with  any  other 
power  of  s  than  the  first. 

AVe  are  thus  thrown  back  on  the  original  popular  view  of 
Laplace  in  seeking  for  an  explanation.  Sometimes  it  is  so  worded, 
as  if  the  acceleration  of  the  vibrations  of  the  particles  of  the  me- 
dium by  the  heat  and  cold  developed,  proved  necessarily  an  ac- 
celeration of  the  velocity  of  the  propagation  of  the  wave-motion  ; 
although  at  the  same  time  it  is  one  of  the  acknowledged  facts  of 
sound,  that  the  velocity  of  propagation  is  independent  of  the 
velocity  and  frequency  of  the  vibrations  of  the  particles. 

The  velocity  of  propagation,  however,  varies  with  the  elasticity 
of  the  medium  for  the  same  vibrating  mass ;  so  that  the  only 
way  in  which  Laplace's  view  need  be  taken,  is  that  stated  in  my 
paper  on  Sound  in  the  February  Number,  by  considering  the 
heat  or  cold  developed  by  the  first  pulse  which  is  transmitted ; 
and  this  leads  to  consequences,  as  there  shovra,  which  are  con- 
trary to  experience. 

]\Ir,  Rankine  is,  however,  in  error  when  he  supj)0ses  an  objec- 
tion would  also  hold,  since,  because  "  every  wave  must  consist  of 
a  compressed  and  a  dilated  part,  the  different  parts  of  a  wave 
would  travel  with  different  velocities,"  for  this  would  only  make 
the  waves  unsymmetrical  in  form. 

London,  March  7,  1851. 
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XL.   Oil  the  Solution  of  the  Problem  of  Sound  transmitted  throuyh 
Liquids.    By  Professor  Potter,  A.M."^ 

THE  propagation  of  sound  through  liquids,  it  is  well  known, 
does  not  follow  the  same  law  as  the  propagation  through 
the  air ;  for  on  the  old  method  of  treating  the  problem  of  sound, 
it  was  found  that  the  velocity  of  transmission  in  air  was  given 
one-sixth  part  too  small  by  the  theory,  whilst  the  velocity  of 
sound  through  water  was  that  which  was  given  by  theory  as 
nearly  as  could  be  expected ;  the  compressibility  of  water  being 
slightly  different  in  the  results  of  the  experiments  and  reductions 
as  given  by  Canton,  GErsted,  and  Colladon  and  Sturm.  The 
explanation  which  has  been  given  is  this ; — so  little  heat  is  de- 
veloped in  the  compression  of  liquids,  that  there  was  not  required 
the  same  correction  as  for  gases. 

The  true  cause  of  the  difference  in  the  law  of  the  propagation 
of  sound  must  be  sought  in  the  different  constitutions  of  the 
fluids.  The  repulsive  force  between  the  atoms  of  gases,  from  the 
caloric  which  belongs  to  each,  does  not  exist  in  liquids ;  but,  on 
the  other  hand,  there  is  the  attraction  of  aggregation.  We  see 
this  attraction  to  be  very  considerable  in  watei",  by  allowing  the 
water  in  a  fine-pointed  glass  tube  held  vertically  to  escape  in 
di'ops.  Then,  again,  the  law  of  elasticity  is  essentially  different, 
the  density  being  proportional  to  the  pressure  by  Boyle^s  law 
for  gases  at  a  constant  temperature ;  whereas  liquids  possess  a 
definite  density  when  the  pressure  is  zero,  and  are  veiy  slightly 
compressed  under  the  ordinary  pressure  of  the  atmosphere.  The 
relative  distance  of  the  centres  of  the  atoms  is  also  great  in  gases 
compared  with  liquids.  These  considerations  assure  us  that  the 
cc{ualization  of  density  in  every  direction  must  be  exceedingly 
rapid  in  gases  compared  with  what  it  is  in  licjuids ;  and  the  ve- 
locity of  sound  being  more  than  four  times  greater  in  water  than 
in  air,  we  may  readily  believe  that  the  equalization  of  density  in 
eveiy  direction  which  accompanies  the  transmission  of  a  wave  of 
sound  in  air,  does  not  exist  in  the  transmission  of  such  a  wave  in 
a  liquid. 

From  the  foregoing  considerations,  we  must  clearly  take  the 
compression  and  dilatation  attendant  on  the  passage  of  sound 
through  a  liquid  to  be  only  in  the  direction  of  the  wave  motion. 

Let  Vq  be  a  given  voknne  of  liquid,  which  becomes 
V,  under  a  unit  of  pressure,  and 
y  under  a  pressure  [p)  on  a  unit  of  area. 
Then  by  Canton's  law  we  have 

*  Coimuunkated  bv  the  Author. 
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=  i(i_v,v,V 

cV       V,   Vj 

When  we  call  the  ordmaiy  pressure  of  the  atmosphere  unity,  we 
have  c=  '000046  for  water  according  to  Canton,  and  c=  "0000461 
according  to  CErsted,  when  freed  from  air.  According  to  Col- 
ladon  and  Sturm,  c= '0000495  for  the  water  of  the  lake  of 
Geneva  in  its  ordinary  condition,  and  c  = '00005 13  when  free 
from  air;  but  CErsted  has  objected  to  the  method  of  reducing 
their  results  in  allowing  for  the  compression  of  the  vessels  used. 

Let  a,  b,  c  represent  three 
contiguous  atoms  in  the  liquid 
at  rest, 

a,  /3,  7  their  positions  after 
displacement. 

Let  06 =s       ab  =  bc  =  2Bs 
0)3=  S,    p=  the  pres- 
sure at  b,  and  p^  the  density. 

Then  2SS  being  the  distance  of  two  contiguous  atoms  after  a 
disturbance,  we  have,  considei'ing  the  change  of  volume  to  take 
place  only  in  the  direction  of  the  wave  motion. 


abc      a^j 


1/       SS   VA 
p=-c[}-BI'yJ- 


Let  p  become  p'  for  the  atoms  a  and  jS,  and  p"  for  the  atoms 
yS  and  7,  we  have 

p"=p+  ■f-Bs+  &c. 
p'=p--^Ss  +  kc., 


ds 


and 


also 


dp 


Bp=p' -p"  =  -2  ^  &  +  &c. ; 

SS=:  -j-Ss  +  Scc, 
ds 


.       2   V,   ^2s 


8s, 


neglecting  the  higher  terms  of  the  series. 

When  there  is  no  impressed  force,  the  general  equation  of  fluid 
motion  becomes,  from  my  paper  in  the  last  Number, 

4gp.8g^  _  d^ 
m  W 


-mT,    =0, 
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cYq^p.S^    ds^       dt^ 
or 

dt'^  ~  cp^'Yq'  ds^' 

When  the  pressure  of  the  atmosphere  is  called  unity,  we  have 
c=  "0000461  according  to  Oersted.  Now  putting  js,  the  pressure 
of  the  atmosphere,  /jj  the  density  under  that  pressure,  and  A,  the 
height  of  the  column  of  water  which  produces  the  same  pressure, 
we  have 

P\=9PiK  01"  P^"^^' 

1    _  gh^  gh^ 

"7p^~  c^  ~  -0000461 ' 

V 

since  ^  =1  — '0000461,  we  may  call  the  value  unity. 

To  find  /i,  when  the  barometer  is  30  inches  and  the  tempera- 
ture 50°  Fahrenheit,  w^e  have  the  specific  granty  of  mercury 
13-62,  and 

^    .     „   ,       30x13-62 
«i  in  leet  = ^^ 

=34-05. 

Taking //= 32- 1892  in  the  latitude  of  London,  we  find  with 
these 


^/ 


—  =4876-0  feet  velocity  per  second. 


The  expression  a/  —   for  the  velocity  of  sound  in  liquids 

coincides  with  those  given  by  Poisson  and  Sir  John  Herschel 
when  brought  to  the  same  form. 

The  velocity  4876  feet  is  the  theoretical  velocity  for  water 
deprived  of  air,  and  exceeds  the  velocity  found  from  experiments 
in  the  lake  of  Geneva  by  Messrs.  Colladon  and  Stui-m. 

In  Sir  John  HerschePs  treatise  on  Sound,  it  will  be  found  that 
the  theoretical  velocity  calculated  from  the  data  of  Colladon  and 
Sturm  is  4685-6  feet  per  second,  whilst  the  velocity  from  their 
experiments  was  found  4708  feet  per  second. 

Many  more  experiments  must  evidently  be  tried  before  the 
actual  velocities  of  sound  in  lake  and  sea  water  are  accurately 
determined. 

London,  Febniarv  27,  1851. 
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XLI.  Examiiuitiuns  of  some  Canadian  Minei'als.  By  T.  S. 
HuNTj  Chemist  and  Mineralogist  to  the  Geological  Survey  of 
Canada  *. 

THE  science  of  mineralogy  in  this  province  is  much  indebted 
to  the  labours  of  Dr.  Holmes  of  Montreal^  and  Dr.  Wilson 
of  Perth,  who  have  devoted  a  good  deal  of  time  in  exploring  and 
bringing  into  notice  many  interesting  mineral  species.  Among 
collections  of  those  which  were  sent  to  Dr.  Thomson  of  Glasgow, 
this  gentleman  recognized  several  things  which  he  described  as 
new  s])ecies,  but  owing  to  an  unfortunate  want  of  precision  in 
his  mincralogical  descriptions,  their  identification  has  been  diffi- 
cult, and  mincralogical  writers  have  been  unwilling  to  admit 
their  claims  to  the  rank  of  distinct  species.  Having,  through 
the  kindness  of  the  two  gentlemen  above  named,  been  put  in 
possession  of  well-authenticated  specimens  of  the  minerals  in 
question,  I  have  submitted  them  to  careful  analysis  and  obtained 
the  results  which  are  subjoined. 

Felspars. — The  first  one  of  this  genus  which  I  shall  notice 
is  the  mineral  described  by  Dr.  Thomson,  under  the  name  of 
Perthite  t-  It  is  found  in  the  township  of  Bathurst,  and  mixed 
with  c^uartz,  forms  an  Eiu"ite  rock  in  which  large  clcavable  masses 
of  the  felspar  are  occasionally  met  with.  Form,  apparently 
monoclinic.  Hardness  6  (scale  of  Mohs.).  Specific  gravity 
2*5 76-2 "5 79.  Of  a  darker  coloured  fragment  2 "583.  Lustre 
vitreous,  inclining  to  pearly ;  colour  light  fiesh-red,  alternating 
wth  reddish  or  pinchbeck  brown,  the  two  colours  formit^g  bands 
from  half  a  line  to  a  line  in  width,  coincident  with  one  of  the  planes 
T,  often  however  interiaipted  and  intermingled  one  with  another. 
The  darker  bands  on  the  cleavage  surface  T  exhibit,  when  viewed 
perpendicularl}^,  a  goldtm  reflexion  like  the  variety  known  as 
aventurine  felspar.  The  colours  of  the  mineral  become  nmch 
darker  on  exposure  to  the  action  of  the  weather.  The  results 
which  follow  were  obtained  from  freshly-broken  light -coloured 
fragments,  and  the  mineral  reduced  to  a  fine  powder  by  elu- 
triation,  was  dried  in  one  analysis  at  300°  F.,  and  in  another 
at  the  ordinary  temperature  over  sulphuric  acid.  The  earthy 
constituents  were  determined  in  the  ordinary  manner  after 
fusion  with  carbonate  of  soda,  and  the  alkalies  by  decomposing 
the  mineral  by  the  aid  of  tiuor  spar  and  sulphuric  acid. 

*  Communicated  by  the  Author, 
t  Phil.  Mag.  1843."  xxii.  p.  189. 
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I.  II. 

Silica 66-44  66-50 

Alumina  ....     18-35  1  i()-o- 
Peroxide  of  iron       .        1-00  J 

Lime *67  *56 

Magnesia       .     .     .         •24  "24 

Potash      ....       6-37  6-18 

Soda 5-56  5'56 

Water  (loss  on  ignition)    -40  "44 

99-03  98-73 

It  is  evident  from  these  aualysesj  that  the  composition  of  the 
mineral  is  precisely  that  of  orthoclase,  to  which  species  it  had 
already  been  provisionally  referred  by  Shepard*,  Danaf,  and 
myself  I .  The  proportion  of  soda  is  larger  than  is  generally  met 
with  in  this  species;  but  Domeyko  found  4  per  cent,  of  this 
alkali  in  an  orthoclase  from  Chili,  and  Schnederman  10  per 
cent,  in  one  from  Vesuvius,  while  various  other  specimens  have 
afforded  2  and  3  per  cent.§ 

The  second  species  to  be  mentioned  is  that  described  by  Dr. 
Thomson  under  the  name  of  Peristerite||,  in  allusion  to  the 
beautiful  play  of  colours,  resembling  that  of  Labradorite,  which 
it  exhibits. 

The  specimens  furnished  me  by  Dr.  Wilson  as  dupHcates  of 
those  sent  to  Dr.  Thomson,  are  composed  of  a  mixture  of  quartz 
grains  readily  distinguishable  by  their  lustre,  greater  hardness  and 
want  of  cleavage,  disseminated  through  a  felspar,  which  still  so 
far  predominates  as  to  give  distinct  cleavages  to  the  mass.  Spe- 
cimens furnished  me  from  the  same  locality  exhibited  the  mineral 
in  fiue  cleavable  masses  free  from  quartz,  occasionally  passing 
into  the  variety  just  described. 

Form  triclinic  ;  the  cleavage  forms  gave  apparently  the  angles 
of  those  of  albite,  but  did  not  admit  of  accui-ate  measurement. 
Cleavage  perfect  parallel  with  P  and  M,  less  distinct  with  T.  The 
surface  P  shows  a  fine  play  of  colours  like  Labradorite,  in  which 
a  delicate  cerulean  blue  predominates,  occasionally  passing  into 
light  green  and  yellow.  The  face  M  is  often  marked  with  strire 
parallel  to  P.  The  same  play  of  colours  and  striation  on  alter- 
nate surfaces  are  distinguishable  in  the  masses  mixed  with 
quartz. 

Hardness  6.     Specific  gravity  2-625-2-627.     Lustre  vitreous, 

*  See  his  "  System,"  &c.,  p.  134,  2n(l  Edition. 

t  Dana's  Mineralogj',  Ed.  1844,  p.  351. 

X  Annual  Report  of  Geol.  Survey,  1847-48,  p.  135. 

^  See  Dana,  3id  Edition,  p.  326. 

II  Phil.  Mag.  1813.  xxii.  p.  189. 
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inclining  to  pearly  on  P.  Colour  white  passing  into  pearl-gray 
and  reddish  white,  or  flesh-red  in  the  quartzose  specimens ; 
translucent,  fracture  uneven.  Before  the  blowpipe  ^ely  diffi- 
cultly fusible,  colours  the  flame  strongly  yellow :  the  analysis  of 
a  pui'c  specimen  gave — 

I.  II. 

Silica 66-80  67'25 

Alumina  .     .     .     .     21-80 

Soda 7-00 

Potash      ....         "58 

Lime 2-52  2-03 

Magnesia       .     .     .  "20 

Peroxide  of  iron       .  -30 

Loss  by  ignition      .  "60  "66 

99-80 

The  results  of  these  analyses,  conjoined  with  its  other  cha- 
racters, show  this  mineral  to  be  an  albite.  The  purity  of  the 
silica  obtained  was  verified  by  subsequent  examination ;  and  it 
may  be  remarked  that  in  the  flrst  analysis  the  small  portion  of 
silica  adhering  to  the  alumina  was  not  separated.  Thomson's 
analysis  gives  a  much  larger  portion  of  silica,  but  it  is  evident, 
from  the  description  which  he  has  given,  that  he  analysed  the 
quartzose  aggregate. 

Shepard  and  Dana  have  refeiTcd  the  mineral  to  orthoclase ;  and 
Dana,  in  his  last  edition,  by  a  mistake  says  that  I  have  confu-med 
the  opinion,  whereas  I  had  only  alluded  to  the  apparently 
oblique  rhomboidal  form  of  its  cleavage,  conjoined  with  the 
beautiful  opalescence,  and  its  resemblance  to  the  Fredericksvarn 
opalescent  felspar,  which  has  erroneously  been  referred  to  that 
species,  as  leading  to  the  supposition  that  it  was  Labradorite. 

Bytownite. — This  species  of  Dr.  Thomson,  founded  upon  spe- 
cimens from  a  boulder  found  in  the  ^^cinity  of  Bytown*,  has 
been  referred  to  a  number  of  species.  Shepard  includes  it  under 
pyi'oxenef,  and  Dana,  in  his  edition  of  1844,  refers  it  to  scapo- 
lite,  while  in  the  last  edition  of  his  IMineralogy  he  seems  to  re- 
gard it  as  more  nearly  allied  to  BarsowiteJ.  The  specimen 
which  Dr.  Holmes  kindly  placed  in  my  hands  was  from  a  frag- 
ment which  had  been  pronounced  by  Dr.  Thomson  to  be  the 
species  described  by  him  as  Byto\\Tiite. 

It  is  massive,  granular,  strongly  coherent,  and,  with  the  ex- 
ception of  occasional  disseminated  portions  of  black  hornblende, 
is  quite  homogeneous ;  the  grains  exhibit  one  perfect  cleavage, 

*  See  Dr.  Thomson's  Outlines,  &c.,  vol.  i.  p.  372. 

t  Mineralogy,  Ed.  1844,  p.  137. 

X  Ed.  1844,  p.  533;  and  Ed.  1850,  p.  342. 
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and  indications  of  another  oblique  to  it,  wliicli  is  less  apparent. 
Hardness  about  6-5.  Specific  gravity  2'732-.2"733.  Lustre 
vitreous,  approaching  to  pearly  upon  the  cleavage  faces;  trans- 
lucent ;  colour  gi-eenish -white.  The  analysis  was  performed 
upon  carefully  selected  grains,  and  the  pulverized  mineral  first 
dried  at  212^  F.  was  afterwards  exposed  over  the  surface  of  sul- 
phuric acid.     It  gave — 

Silica 47-40  47-30 


Alumina   . 
Lime    .... 
Magnesia 
Protoxide  of  iron 
Soda    .... 
Potash 
Water 


30-45 

14-24 

-87 

-80 

2-82 

•38 

200  1-80 


98-96 


The  water  in  this  mineral  seems  to  be  chemically  combined. 
Thomson  in  his  analysis  gives  the  same  amount  of  silica  and 
water  as  above,  but  for  the  rest  differs  greatly  as  to  the  propor- 
tions of  lime  and  alkali.  Its  composition  distinguishes  it  at 
once  from  pyroxene,  while  from  scapolite  it  differs  in  its  greater 
hardness  and  its  cleavage  ;  from  these  latter  characteristics,  as 
well  as  from  its  chemical  composition,  it  must  I  think  be  regarded 
as  anorthite. 

The  mineral  from  the  vicinity  of  Perth,  which  has  been 
generally  circulated  among  mineralogists  under  the  name  of 
Byto\^Tiite,  is  finely  gi-anular,  almost  compact,  and  has  a  smoky- 
blue  colour,  ^vith  a  hardness  of  about  6,  and  a  specific  gravity  of 
2-739.  When  Aiewed  under  a  magnifier,  it  is  seen  to  be  a  mix- 
ture of  a  light-coloui'ed  translucent  granular  mineral,  apparently 
like  the  preceding,  exhibiting  cleavages  with  a  vitreous  lustre, 
and  intermixed  with  minute  grains  of  what  appears  to  be  black 
hornblende.  The  present  specimens  exhibit  such  a  mixture  that 
its  analysis  would  be  valueless. 

Lahradorite. — This  species  is  common  in  boulders  in  the  vi- 
cinity of  the  ciystalline  rocks  of  the  province,  from  Labrador  to 
Canada  West,  but  has  not  yet  been  found  in  place.  In  Dnim- 
mond  C.  W.,  large  masses  of  the  mineral  are  met  with,  some 
portions  of  which  exhibit  a  play  of  colours  equal  to  that  of  La- 
brador. The  fragment  from  this  locality,  submitted  to  analysis, 
had  a  specific  gravity  of  2-697.  Colour  lavender-blue  with  a 
pearl-gray  opalescence ;  it  gave — 
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Silica Si"  70 

Alumina 29-80 

Lime 11-12 

Peroxide  of  iron     .     .     .  -36 

Magnesia trace 

Soda 2U 

Potash -23 

Water -40 

99-35 
From  the  invariable  loss  on  ignition,  even  when  every  jn-ccau- 
tion  has  been  observed  in  the  desiccation  of  the  minerals,  I  am 
inclined  to  believe  with  Delesse  and  Laiircnt,  that  these  small 
quantities  of  water  so  generally  met  with  in  the  fclsj)ars  are 
not  hygroscopic,  but  belong  to  the  chemical  compositi(Mi  of  the 
minerals  themselves. 

Raphi/ite. — This  species  was  instituted  some  years  since  by 
Dr.  Thomson  from  specimens  from  Lanarck  C.W.,  sent  him 
by  Dr.  Holmes  of  Montreal,  and  is,  according  to  his  analysis,  an 
anhydrous  silicate  of  lime,  magnesia,  alumina  and  protoxide  of 
iron,  with  more  than  10  per  cent,  of  potash*.  Dana,  in  the  first 
cchtion  of  his  IMineralogy,  suggested  that  it  might  be  a  fibrous 
hornblende  analogous  to  Arfvedsonite,  to  which  species  Shepard 
also  refers  it ;  while  in  his  last  edition,  Dana,  in  conformity  with 
the  suggestion  contained  in  my  report  for  184-7-48,  regards  it 
as  tremolite.  Being  furnished  with  undoubted  specimens  of  the 
mineral,  I  have  siibmitted  it  to  a  careful  examination,  the  result 
of  which  confirms  this  opinion. 

It  occurs  in  delicate  fibrous  masses  slightly  divergent,  and 
often  several  inches  in  length  ;  the  fibres  are  readily  separable, 
brittle,  and  somewliat  elastic.  Hardness  5-5 ;  Thomson  gives 
3-75,  but  the  fibres  scratch  deeply  the  surface  of  a  crystal  of 
apatite.  Specific  gravity  in  powder  2-845  (2-850  Thomson). 
Lustre  vitreous  silky ;  colour  grayish  or  greenish  white,  becoming 
reddish  on  weathered  surfaces  ;  translucent.  Analysis  failed  to 
detect  more  than  veiy  small  portions  of  alkalies,  and  gave — 

Oxvgen  ratio. 

Silica 55-30  28-7182  =  2 

Lime 13-36  37991 

Magnesia     .     .     .     22-50  8-7162 

Protoxide  of  iron    .       6-30  1-3982 

Alumina.     ...  -40  -1869 

]\Ianganese  .     .     .    traces. 
Potash     ....  -25  -0424 

Soda -80  -2064 

Loss  on  ignition     .         -30  14-3492  =  1 

99^ 
*  Outlines,  vol.  i.  p.  153. 
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The  mineral  has  thus  a  composition  entii'ely  different  from 
that  before  assigned  to  it,  and  from  the  ratio  between  the  oxygen 
of  the  silica  and  the  protoxides,  eWdently  pertains  to  the  ix^e 
Si'*0^(M'*)  of  Gerhardt,  to  which  the  hornblendes  are  by  liini 
referred.  This  formula,  corresponding  to  2SiO'^,  3M0  in  the 
Berzelian  notation,  better  represents  the  composition  of  this  spe- 
cies than  the  formula  of  Rammelsberg,  R'^Si^  or  Si^'M^O'^. 

Serpentines. — The  species  described  some  years  since  by  Dr. 
Thomson  imder  the  name  of  Retinalite*,  was  founded  upon  a 
specimen  of  serpentine  sent  him  by  Dr.  Hohiies,  from  the  vi- 
cinity of  Gremille  in  this  pro\dnce.  According  to  his  analysis,  it 
was  a  hydi'ated  silicate  of  magnesia  and  soda,  containing  silica 
40-55,  magnesia  18-856,  soda  18-832,  peroxide  of  iron  and  alu- 
mina -920,  and  water  20-000.  This  composition  in  a  mineral 
having  the  sensible  characters  of  serpentine  seemed  anomalous, 
and  I  was  therefore  desirous  of  submitting  it  to  further  exami- 
nation. Dr.  Holmes  had  still  in  his  possession  a  portion  broken 
fi-om  the  specimen  which  he  sent  to  Dr.  Thomson,  and  this  he 
kindly  placed  in  my  hands.  I  have  also  specimens  collected  by 
myself  at  the  original  locahty.  It  there  fills  seams,  or  is  diffused 
though  a  white  crystalline  limestone  in  the  \aciuity  of  a  dyke  of 
trap,  and  is  most  abundant  nearest  the  intrusive  rock.  It  is 
massive,  T\'ithoat  any  trace  of  cn'stallization,  and  has  a  hardness 
of  about  3-5  (3-75  Thomson).  Specific  gra\"ity  2-494-2-525, 
(.2-493  Thomson).  Other  specimens  of  an  olive-gTeen  colour  gave 
2*476.  Lustre  resinous,  shining,  streak  w^hite,  colour  honey- 
yellow  passing  into  oil-gi*een  and  ohve-green,  translucent,  fracture 
conchoidal. 

The  first  analysis  is  from  the  original  specimen,  which  was 
honey-yellow,  the  second  from  another  specimen  of  an  oil-green. 
The  pulverized  mineral  was  dried  over  sidphuric  acid. 

I.  II. 

Silica 39-34  40-10 

Magnesia     ....     43-02  41-65 

Peroxide  of  iron     .     .       1-80  1-90 

Soda traces.  -90 

Water 1509  1500 

99-25  99-55 

Another  serpentine  closely  resembling  the  retinalite,  which  is 
foimd  in  nodular  masses  with  a  calcareous  nucleus,  imbedded  in 
limestone  at  the  Grand  Columet  Island,  has  a  specific  gravity  of 
2-362-2-381,  and  a  pale  wax  yellow  colour.  Its  analysis  afforded 
me — 

*  Outlines,  &c.,  vol.  i.  p.  201. 
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Silica 41-20 

Magnesia 43'52 

Peroxide  of  iron      .     .     .  '80 

Water 15-40 

100-92 

These  specimens,  although  the  latter  differ  somewhat  from 
the  others  in  specific  gravity,  are  nearly  identical  in  composition 
with  each  other  and  with  the  marmolite  of  Hermann,  but  differ 
from  that  in  not  being  foliated.  The  proportion  of  water  which 
they  contain  is  intermediate  between  that  of  serpentine  and  of 
the  Deweylite  of  Emmons,  from  which  latter  they  are  separated 
by  their  higher  specific  gravity.  Dana  has,  however,  in  conside- 
ration of  the  wide  latitude  presented  in  the  composition  of  this 
class  of  minerals,  united  marmolite  with  serpentine,  and  it  would 
not  we  think  be  advisable  to  retain  retinalite,  which  is  only  a 
compact  marmolite,  as  a  distinct  species. 

The  presence  of  traces  of  alkali  has  not  hitherto  been  generally 
recognised  in  this  class  of  minerals,  but  Ficinus  has  observed 
from  -50  to  1-33  per  cent,  of  soda  in  the  dermatine  of  Breithaupt, 
and  Schmidt  1-98  per  cent,  in  an  asbestiform  serpentine  from 
Zoblitz*. 

Zircon. — This  species  is  found  in  considerable  abundance  at 
Grenville,  associated  with  tabular  spar,  calc-spar,  sphene,  py- 
roxene and  plumbago.  The  crystals  are  often  half  an  inch  in 
diameter  and  an  inch  or  more  in  length,  with  finely  modified 
terminations.  Specific  gravity  4-602-4-625  ;  colour  brownish 
red,  passing  into  flesh-red  and  cherry-red.  Its  analysis  afforded 
me — 

Silica 33-7 

Zirconia 67-3 

101-0 

The  zirconia  contained  a  trace  of  oxide  of  iron,  which  was  not 
separated. 

There  are  still  among  the  known  minerals  of  the  province, 
some  imperfectly  described  species  which  I  purpose  to  examine, 
and  my  results  may  probably  fonn  the  subject  of  another  com- 
munication. 

Montreal,  Feb.  7,  1S51. 

*  Dana's  Mineralogy,  ed.  1850,  ])p.  257,  692. 


[     3.29     ] 
XLII.    On  Atmosphei'ic  Electricity,    especially   in   1849. 

By  M.  QUETELET*. 

To  Mr.  R.  Taylor. 
My  dear  Sir, 

I  THINK  M.  Qiietelet's  observations  so  important  tliat  I  hope 
you  will  publish  them  in  the  next  Number  of  your  Journal, 
and  I  doubt  not  they  will  ha\e  their  due  effect  in  inducing  many 
to  join  the  very  small  band  of  those  who  at  present  observe  and 
study  the  phenomena  of  atmospheric  electricity. 

Very  truly  yours, 

M.  Faraday. 
22nd  March  1851. 

^ly  first  memoir  on  the  electricity  of  the  air  contained  the 
results  of  four  and  a  half  years'  observations.  I  can  now  add  to 
them  those  of  1849,  1850,  and  the  beginning:  of  1851 ;  you  nail 
see  them,  probably,  not  without  interest.  They  confirm  gene- 
rally the  principal  facts  deduced  from  former  observations; 
nevertheless  the  year  1849  has  presented  a  very  sensible  anomaly 
during  the  first  seven  months  :  the  electricity  is  then  less  in  a 
remarkable  degree  than  the  ordinary  proportion,  as  you  will 
perceive  bv  the  accompanying  tables,  which,  besides  the  mean 
and  extreme  values  of  each  month  observed  directly,  contain 
also  the  monthly  means  obtained  in  reducing  the  determinations 
of  each  day  to  the  same  scale. 

As  far  as  is  permitted  by  the  consideration  of  the  years  indi- 
vidually, we  meet  again  with  the  same  law  of  continuity  and  the 
same  differences  between  summer  and  winter  as  before. 

Nothing  is  more  fitted  to  make  one  appreciate  the  deficiency 
which  still  exists  in  our  relative  knowledge  of  the  electricity  of 
the  air,  than  the  doubt  which  surrounds  the  anomalies  1  have 
observed  during  the  first  part  of  the  year  1849.  I  have  been 
unable  to  find  any  observations  which  may  serve  to  control  my 
own.  No  observatory,  at  least  as  far  as  I  know,  has  published 
up  to  this  time  regular  daily  observations  of  the  electricity  of 
the  air;  and  this  constitutes  a  deficiency  most  annoying,  as  we 
shall  not  be  long  in  perceiving. 

When  a  year  is  remarkable  by  an  abnormal  temperatm-e,  by 
extreme  rainy  or  dry  periods,  all  meteorologists  agree  in  de- 
termining its  irregularities  in  the  district  where  they  are  mani- 
fested;  unfortunately  it  is  not  the  same  here.  I  have  consulted 
the  most  esteemed  collections  of  observations,  and  I  have  found 
nothing  there  which  could  satisfy  my  want.  Consequently  it 
may  be  demanded  of  me  whether  the  deficiency  in  the  electricity 

*  Exti-act  of  a  letter  from  !M.  Quetelet  to  Mr.  Faradav,  dated  20th  March 
1851. 

Phil.  Mag.  S.  4.  Vol.  1.  No.  4.  April  1851.  Z 
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of  the  air  is  real  or  only  apparent ;  whether  the  result  is  not 
due,  for  example,  to  a  derangement  of  my  instrument  ?  or,  sup- 
posing this  weakening  of  the  electricity  well  ascertained,  was  it 
local  or  not  ?  All  these  questions  derive  still  higher  importance 
from  the  fact  that  the  anomaly  remarked  coincided  very  nearly 
^^ith  the  return  of  that  scourge  which  caused  our  population  to 
suffer  so  cruelly.  These  difficulties  have  led  me  to  search  whether 
there  were  not  means  of  rendering  an  electrometei'  comparable  to 
itself  at  different  times. 

I  have  already  shown  in  my  first  memoir  that  it  is  easy  to 
compare  two  Peltier's  electrometers  with  each  other,  and  to  con- 
struct tables  of  equivalents  for  their  indications ;  but  when  a 
comparison  has  been  made  and  the  compared  instrument  has 
been  carried  into  another  country,  or  even  w  ithout,  after  it  has 
been  employed  for  a  certain  time,  it  is  important  to  be  assured 
that  its  indications  have  not  varied,  but  have  preserved  their 
absolute  values. 

This  verification  may  be  very  easily  made ;  it  is  enough  to 
ascertain  that  the  needle  has  preserved  all  its  mobility,  and  that 
its  directive  power  has  remained  unchanged.  Now  the  directive 
force  is  given  by  the  little  magnetic  needle  attached  to  the  indi- 
cating needle  of  the  electrometer;  it  is  sufficient  therefore  to 
submit  this  little  needle  to  the  ordinary  processes  employed  to 
determine  magnetic  energy,  that  is  to  say,  to  make  it  oscillate 
freely  in  a  horizontal  plane,  and  to  ascertain  that  its  magnetism 
has  remained  unaltered.  It  shoidd  be  well  understood  that  ac- 
count is  kept  of  the  ordinary  corrections  employed  in  such  cases 
for  temperature,  torsion  of  thread,  variations  of  the  horizontal 
intensity  of  the  earth,  &c. 

One  can  understand  how  by  analogous  processes  we  may  also 
make  the  determinations  of  the  absolute  electric  force  of  the  earth 
depend  on  that  of  its  absolute  magnetism  ;  an  important  problem 
with  which  I  cannot  occupy  mysell"  at  this  moment.  It  is  suffi- 
cient for  me  to  establish,  that  by  a  very  simple  process  we  may 
ascertain  whether  a  Peltier's  electrometer  has  remained  com- 
parable with  itself.  The  thing  is  so  simple  that  I  am  astonished 
the  precaution  has  not  as  yet  been  indicated.  If  the  ideahad  come 
into  my  mind  of  thus  verifying  the  needle  of  my  electrometer  in 
1849  and  at  preceding  and  following  epochs,  I  should  not  now 
have  had  to  search  out  whether  my  instrument  could  undergo  a 
temporary  derangement,  nor  to  look  after  foreign  observations 
to  control  my  own. 

If  you  think  that  these  simple  remarks  may  be  of  any  service 
or  induce  other  philosophers  to  undertake  those  series  of  electric 
observations  so  important  to  ^x-iencc,  I  beg  you  to  make  such 
use  of  this  letter  as  may  seem  to  you  expedient,  &c.  &c. 

(Signed)         Quetelet. 
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Degrees  of  Electricity  for  the  different  Months  {Royal  Observa- 
tory of  Brussels) . 


January  

Mean  of  the  degrees  observed  with  the  electrometer. 

1844. 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

lt»51. 

1844-1850. 

50 
55 
44 
27 
26 
18 
21 
27 
29 
42 
44 
53 

50 
45 
26 
23 
19 
18 
14 
22 
23 
26 
41 
57 

63 
45 
47 
30 
21 
18 
18 
6 
17 
30 
35 
48 

50 
44 
36 
27 
18 
18 
■22 
24 
24 
32 
36 
45 

39 
36 
27 
20 
16 
13 
14 
21 
24 
31 
45 
38 

49 
38 
36 
19 
22 
14 
12 
19 
28 
36 
34 
50 

52 

52 

31* 







50 
44 
35 
24 
20 
17 
17 
21 
25 
33 
38 
48 

March    

April  

May       

June    

July   

August  

28 
29 
31 
33 
46 

September 

October  

November  

December  

Year 

36 

30 

31 

3. 

27 

30 

31 

January  

Mean  of  the  proportional  numbers. 

1844. 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

1851. 

1844-1850. 

471 

548 

262 

93 

163 

51 

58 

89 

95 

299 

334 

742 

562 

256 

95 

94 

49 

39 

33 

57 

62 

98 

274 

799 

957 

413 

282 

221 

67 

47 

43 

11 

39 

107 

160 

356 

487 

295 

164 

155 

59 

48 

61 

64 

63 

120 

152 

281 

219 

163 

90 

132 

32 

27 

25 

92 

69 

122 

364 

304 

507 

180 

194 

70 

220 

24 

21 

55 

96 

172 

155 

451 

462 
532 
125 

534 

309 

173 

128 

98 

39 

40 

65 

74 

147 

224 

468 

February 

March 

April    

May    

June    

July   

August    

90 

91 

110 

127 

340 

September 

October  

November  

December  

Year     

267 

202 

225      162 

137 

179 

192 

49 

44 

46       39 

36 

41 

43 

Masima. 

1844. 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

1851. 

1844-1850. 

65 
70 
64 
48 
41 
48 
43 
45 
42 
67 
60 
73 

71 
60 
56 
40 
33 
30 
32 
37 
29 
55 
65 
74 

77 
73 
62 
48 
41 
24 
31 
23 
30 
48 
53 
66 

76 
62 
47 
51 
40 
36 
44 
38 
22 
54 
57 
65 

65 
62 
55 
35 
25 
39 
24 
34 
44 
57 
77 
74 

74 
55 
66 
65 
75 
22 
25 
44 
50 
67 
64 
71 

75 
74 

71 
64 
58 
48 
42 
35 
33 
37 
40 
56 
61 
70 

February  

March 

May    

July 

36 

"is" 

51 
67 

September 

November  

December  

Year 

55 

49 

49 

50 

49 

56      

51 

Up  to  the  20th  of  March. 
7  O 
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XLIII.  Remarks  on  Professor  Potter's  Theory  of  Sound.    By  the 
Rev.  Samuel  Haughton,  Fellow  of  Trinity  College,  Dublin^. 

THE  following  brief  remarks  are  intended  more  to  suggest 
another  way  of  viewing  the  theory  proposed  by  Professor 
Potter  in  the  February  Number  of  this  Journal,  than  to  form  a 
complete  discussion  of  the  subject.  Any  theory  which  proposes 
to  explain  the  deticient  numerical  value  of  Newton's  velocity  of 
sound  is  worthy  of  attention  ;  but  a  theory  which  proposes  to  do 
this  without  taking  into  account  the  alteration  of  the  ratio  of 
pressure  to  density  occasioned  by  change  of  density,  by  com- 
pression or  expansion,  must  expect  to  meet  this  objection  a  priori. 
This  change  in  the  ratio  of  pressure  to  density  is  a  vera  causa ; 
and  after  the  proposed  theory  has  explained,  or  is  supposed  to 
have  explained,  the  deficient  velocity,  this  change  must  again  be 
taken  account  of,  and  will  disturb  the  conclusion  of  the  theory. 
Professor  Potter's  view  of  Laplace's  theory  of  sound  has  been  so 
completely  proved  erroneous  by  the  remarks  of  Mr.  Rankine, 
contained  in  the  ]\larch  Number  of  the  Philosophical  Magazine, 
that  on  this  branch  of  the  subject  there  appears  nothing  left 
unstated. 

I  propose  to  show  in  the  course  of  this  communication  that 
Professor  Potter's  theory  (correctly  interpreted)  does  not  give 

3/c 
the  coefficient  —  in  the  equation  of  sound,  but  simply  the  coeffi- 

cient  k ;  being  thus  identical  in  its  result  with  the  old-fashioned 
theory. 

Having  established  this  point,  I  have  then  stated  a  few  rea- 
sons for  not  adopting  the  new  theory. 

*  Conunmiicatcd  bv  tlio  Author. 
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Let  [a,  b,  c)  denote  the  centres  of  three  atoms  at  rest^  and 
(a,  ^,  7)  the  corresponding  positions  of  the  centres  of  these  atoms 
in  motion,  the  cubes  surrounding  these  centres  being  of  unequal 
dimensions  in  the  latter  case. 

Let  x  —  hx,  X,  x  +  hx  be  the  ordinates  of  u,  b,  c  respectively; 
let  y  =  F(.r)  be  the  ordinate  of /3,  then  ¥{x—hx),  Y{x),  Y{x-\-hx) 
mil  be  the  ordinates  of  a.,  ^,  7  respectively. 

The  pressures  at  a.,  ^,  y  are  equal  to  the  product  of  a  constant 
k,  into  the  mass  of  the  atom,  divided  respectively  by  the  volumes 
of  matter  constituting  each  atom. 

Professor  Potter  assumes  the  pressure  on  the  unit  of  the  left 

face  of  the  cube  ^  to  be  .    „^-,  and  the  pressure  on  the  unit  of  the 

right  face  of  the  cube  8  to  be  ,^  ,5.     This  is  equivalent  to  assu- 

ming  the  unit  pressure  on  the  common  face  of  two  contiguous 
atoms  to  be  due  to  an  attributed  cube,  whose  side  is  the  semisum 
of  the  sides  of  the  cubes  in  contact. 

Adopting  (for  the  moment)  this  hypothesis,  Tve  tiud 

dx 

and  d-?/ 

dx 
but  the  moving  force  arising  from  the  pressures  of  the  cubes  a 
and  7  will  be 

"^\j~Q]3  X  surface  of /e/if  face  --  x  surface  of  right  face  j  (L) 

At  this  point  of  his  investigation  Professor  Potter  departs  from 
his  previous  h\-])othesis,  viz.  that  a,  /3,  7  are  of  different  dimen- 
sions, and  tacitly  assumes  that  the  surfaces  of  the  left  and  right 
faces  of  the  cube  ^  are  fully  pressed  throughout  the  whole  of 
their  extent  by  the  cubes  «  and  7. 

Each  of  these  surfaces  is  assumed  by  him  to  be  equal  to 

i(a/3  +  ;87)=|s.r. 

By  substitutmg  this  value  in  the  expression  just  given,  it  is  easy 

3k 
to  find  the  coefficient  -^  for  the  differential  equation. 

But  as  the  faces   of  the  cube  /3  can  only  be  pressed  by  the 
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adjoining  cubes  where  they  arc  in  contact,  and  as  we  assumed  the 
pressure  on  the  unit  of  left  face  to  be  due  to  the  attributed  cube 
{a^Y,  we  must  now  assume  the  left  face  to  have  a  surface  repre- 
sented by  (a.^Y  'y  ^"'l  similarly,  the  right  face  of  the  cube  /3  will 
be  pressed  by  the  cube  7,  through  an  extent  represented  by  (/Sy)^. 
This  is  the  only  supposition  I  can  conceive  which  ^vill  save  Prof. 
Potter's  theory  from  theinconsistcncy  of  first  assuming  the  cubes 
a,  /8,  7  to  be  unequal,  and  then  tacitly  assuming  their  equality. 
Introducing  the  above  values  for  the  left  and  right  faces  of  the 
cube  {jB)  })ressed  on  by  the  cubes  (a)  and  (7),  we  find  the  equa- 
tion of  motion  becomes 

^-i(A LV  to\ 

dt'  -\{u^)        {(3y)J'       •     •     •     •     ^-> 

which,  on  introducing  the  values  of  (a/S)  and  (fiy)  above  found 
becomes  ^2^ 

d'i/  -I    d^  i'x\ 


fdj\- 
Kda:) 


This  is  the  old  equation  of  propagation  of  sound,  from  which 
g 
the  coefficient  -  has  entirely  disappeared. 

From  the  foregoing  investigation,  we  are  entitled  to  conclude 
that  Professor  Potter's  theory  does  not  lead  to  the  equation 

fPy__M    da^  . 

df  -   2  Jd^^ ^  '' 


\ij 


Although  the  theory  which  has  been  above  discussed  leads  to 

equation  (3.)  as  well  as  the  common  theoiy,  yet  it  appears  open 
to  the  following  objections  : — 

1 .  The  cubical  form  of  atoms  assumed  by  this  theory  of  gases 
is  very  unnatural,  and  by  no  means  sanctioned  by  the  chemical 
doctrine  of  atoms,  which  does  not  suppose  the  expansion  or  con- 
traction of  individual  atoms. 

2.  It  would  follow  from  this  cubical  arrangement,  that  motion 
in  a  gas  would  be  propagated  according  to  the  known  law  only 
in  three  directions  perpendicular  to  the  faces  of  the  cubes. — 
N.B.  If  this  be  denied,  then  the  atoms  are  not  cubes  but  spheres. 

3.  A  disturbance  of  density  in  a  gas  would  produce  interstices 
throughout  the  mass,  which  are  inconceivable. — N.B.  If  this  be 
denied,  then  the  atoms  have  changed  their  form,  and  are  no 
longer  cubes. 

Trinitv  College,  Dublin, 
March  22,  1851. 
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XLIV.   On  the  Pola7'isation  of  Light  reflected  by  Glass. 
By  M.  Ed.  Desains*. 

MARAGO  has  demonstrated  by  experiment  that  in  two 
•  bundles  of  Hght  reflected  under  angles  differing  equally 
more  or  less  from  the  angle  of  polarization  of  the  reflecting  body, 
the  ratios  of  the  quantities  of  light  polarized  to  the  total  quan- 
tity are  sensibly  the  same. 

For  the  calculation  of  the  numerical  value  of  these  ratios, 

COS   (  Z  "~"  /'I  ^~  COS   \X  ~"~  T] 

Fresnel  has  found  the  formula  — ^r- ri 97^, — \^  ^  being 

cos'^^z  — r)  +  cos'^(i  +  r)-^  ^ 

the  angle  of  incidence  and  r  the  angle  of  refraction.     He  has 

found  that  this  formula  was  verified  by  the  above  law  of  ]\I. 

Arago. 

The  object  which  I  have  proposed  to  myself  is  to  determine 
by  observation  these  numerical  values  for  various  incidences  of 
the  ray  upon  glass ;  employing  in  the  determination  the  photo- 
metric processes  of  M.  Arago. 

I  furnished  myself  with  a  pile  of  thirteen  glasses,  which  I  first 
graduated.  For  this  purpose  I  used  a  tube,  terminated  at  its 
two  extremities  by  two  collars,  one  of  which  contained  a  plate  of 
quartz  cut  parallel  to  the  axis,  and  the  other  the  pile  of  glasses. 
Perpendicular  upon  the  plate  of  quartz  1  caused  a  ray  to  fall 
which  was  polarized  in  a  plane  inclined  at  an  angle  a  to  its 
axis ;  the  ratio  between  the  polarized  light  and  the  total  light  of 
the  transmitted  ray  was  cosa^  — siua^,  according  to  the  law  of 
the  square  of  the  cosine,  demonstrated  experimentally  by  M. 
Arago  ;  and  the  plane  of  partial  polarization  of  this  ray  coincided 
with  the  axis  of  the  quartz,  or  was  perpendicular  thereto,  accord- 
ing as  a  was  greater  or  less  than  45  degrees. 

The  transmitted  ray  fell  afterwards  upon  the  pile  of  glasses, 
which  were  so  disposed  that  the  plane  of  incidence  and  the  plane 
of  polarization  were  coincident.  I  inclined  the  pile  until  it  de- 
polarized the  ray,  and  I  measured  the  angle  ^  which  this  ray 
then  made  with  a  perpendicular  to  the  pile.  By  causing  a.  to 
vary  I  was  able  to  arrange  a  table  of  graduation,  containing  in 
one  column  the  ratio  between  the  polarized  light  and  the  total 
light  of  different  rays  polarized  partially,  and  in  another  column 
the  angles  which  these  rays  made  with  the  perpendicular  to  the 
pile  when  depolarized. 

The  pile  being  thus  graduated,  I  caused  rays  of  unpolarized 
light  to  fall  at  different  incidences,  i,  upon  a  dark  glass ;  the  rays 
reflected  were  received  upon  the  pile,  care  being  always  taken  to 
make  the  plane  of  reflexion  from  the  glass  to  coincide  with  the 

*  Translated  from  Comptes  Rendus,  Nov.  1850,  No.  20. 
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])lanc  of  incidence  upon  the  jjile.  The  latter  was  inclined  until 
it  depolarized  the  light,  and  then  by  means  of  the  table  of  gra- 
duation 1  found  the  ratios  between  the  quantity  of  light  polarized 
and  the  total  quantity.     I  obtained  the  following  results  :  — 


Angles  of  incidence 

upon  the  dark 

glass. 

Angles  of  incidence  upon 

the  pile  «lien  depolarization 

takes  place. 

Ratios  between  the  light  polarized  and  the 
total  light. 

Obscn-cd. 

Calculated. 

30 
35 
40 
70 
75 

o       ' 
36  52 
42  31 
48  58 
48  33 
41  52 

0-420 
0-555 
0-707 
0-698 
0-539 

0413 
0-563 
0-719 
0-708 
0536 

In  order  to  calculate  the  ratios  sought  by  the  formula  of 
Fresnel,  I  have  adopted  for  the  superficial  index  of  the  dark 
glass  the  number  1-425.  According  to  the  law  of  Brewster,  this 
number  corres])onds  to  an  angle  of  polarization  of  54°  50'.  In 
determining  directly  the  angle  of  polarization  of  the  glass,  I 
found  it  to^be  54°  45'. 

I  had  commenced  this  investigation  at  the  end  of  last  year 
without  knowing  that  i\l.  Arago  had  resumed  his  researches  in 
optics.  I  have  since  finished  it,  but  would  not  have  published 
it  today  had  not  ]\I.  Arago  willingly  consented  to  the  publica- 
tion. 
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( C out iuueil  from  vol.  xxxvii.  p.  4/0.) 
N  the  IMatheniatical  exposition  of  some  Doctrines  of 
Political  Economy.     By  the  Master  of  Trinity.    Third 


Nov.  IL 

1850. 
Memoir. 

The  oljject  of  this  memoir  was  to  point  out  some  of  the  laws  of  in- 
ternational trade,  taking  into  account  the  effect  of  the  import  or  ex- 
port of  money,  /.  e.  of  metallic  currency.  It  was  stated  that  when  the 
balance  of  imjjorts  and  exports  is  deranged  by  the  import  of  a  new 
commodity,  previously  produced  at  home,  the  eftect  is,  to  diminish 
the  animal  import  of  gold  and  silver  ;  hence,  to  lower  the  scale  of 
prices  in  general ;  hence,  to  increase  the  exports,  and  thus,  to  pro- 
duce a  new  condition  of  equilibrium  :  and  the  necessary  supposi- 
tions being  made,  the  amount  of  depression  in  prices  arising  fi-om 
such  a  cause  was  calculated. 

The  Master  of  Trinity  also  made  a  communication  relative  to  a 
new  kind  of  colov.red fringes.  He  stated  that  he  had,  many  years  ago, 
remarked  that  if  we  hold  a  candle  hefore  a  dvstij  looking-glass  at  a 
distance  of  six  or  eight  feet,  so  that  the  image  of  the  candle  is  near  to 
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that  of  the  ej'e,  the  image  of  the  candle  is  seen  in  the  middle  of  a 
patch  of  coloured  bars,  which  are  perpendicular  to  the  flame  passing 
through  the  candle  and  the  eye,  normal  to  tlie  looking-glass.  This 
remark  was  communicated  to  M.  Quetelet,  and  j)ublished  by  him. 
Attention  has  recently  been  drawn  to  this  observation,  at  the  Con- 
gress of  Swiss  men  of  science,  held  at  Aarau,  in  August  of  the  pre- 
sent year.  M.  Mousson  of  Zurich  pointed  out,  at  that  meeting,  the 
differences  between  the  stripes  noticed  by  Dr.  Whewell,  and  the 
rings  on  specula  observed  by  Fraunhofer.  Among  these  differences 
are, — 1st,  Fraunhofer's  rings  depend  upon  the  first  surface  of  the  spe- 
culum, the  stripes  upon  both  ;  2nd,  the  rings  are  not  produced  except 
the  dust  be  particles  of  uniform  size  ;  the  stripes  are  produced  by  dust 
of  irregular  and  various  particles  ;  3rd,  the  rings  depend  for  their  size 
on  the  size  of  the  particles  of  dust ;  the  stripes  do  not. 

Some  discussion  took  place  as  to  the  manner  in  which  these  stripes 
arise  from  the  theory  of  interferences,  and  upon  their  relations  to 
Newton's  "  colours  of  thick  plates." 

Dec.  9. — On  the  effect  of  the  internal  friction  of  Fluids  ou  the 
Motion  of  Pendulums.     By  Professor  Stokes. 

It  has  been  acknowledged  for  some  time  that  the  results  which 
follow  from  the  common  theory  of  fluid  motion  relative  to  the  effect 
of  a  fluid  on  the  time  of  vibration  of  a  pendulum  do  not  agree  well 
with  observation.  The  volume  of  the  Philosophical  Transactions  for 
1832  contains  the  results  obtained  experimentally  by  the  late  Mr. 
Baily  relating  to  the  effect  of  air  in  altering  the  time  of  vibration  of 
a  great  variety  of  pendulums.  The  experimental  results  are  exhibited 
by  the  value  of  h,  the  factor  by  which  the  correction  for  buoyancy 
must  be  multiplied  in  order  to  give  the  whole  effect  observed.  With 
pendulums  composed  of  spheres  suspended  by  fine  wires,  Baily  found 
n=--  r864  for  spheres  a  little  less  than  \\  inch  in  diameter,  and 
w  =  r748  for  spheres  about  2  inches  in  diameter.  The  result  which 
follows  from  the  common  theory  is  «=zl-5,  as  was  first  shown  by 
Poisson.  The  value  1"864  was  the  mean  of  16  pair  of  experiments, 
giving  a  mean  error  0-023,  and  1-748  was  the  mean  of  12  pair,  which 
gave  a  mean  eiTor  0-014,  so  that  the  difference  between  the  two  re- 
sults, and  between  either  of  them  and  the  common  theory,  is  far  too 
large  to  be  attributed  to  errors  of  observation. 

The  chief  object  of  this  paper  was,  to  apply  to  the  calculation  of 
the  motion  of  a  pendulum  the  general  equations  of  motion  which  are 
arrived  at  when  the  internal  friction  of  the  fluid  is  taken  into  account, 
and  to  compare  the  resulting  formulee  with  the  experiments  of  Baily 
and  others.  The  general  equations,  simplified, /;v*/,  by  neglecting 
the  square  of  the  velocity,  secondly,  by  neglecting  the  compressibility 
of  the  fluid,  the  effect  of  which  in  the  present  instance  is  in  fact  quite 
insignificant,  thirdly,  by  omitting  the  external  forces,  the  effect  of 
w^hich  may  be  taken  into  account  separately,  are 

1  dp         i/d-u     d^ii     d-u\      du    0  ^,  , 


338  Cambridge  Philosophical  Society. 

The  second  and  third  of  the  general  equations  are  not  WTitten  down, 
because  they  may  be  sui)plied  by  symmetry.  In  these  equations  (j  is 
the  density,  yj  the  mean  of  the  normal  pressures  in  the  direction  of  any 
three  rectangular  planes  passing  through  the  point  of  which  x,  y,  z 
are  the  coordinates  ;  «  is  tlie  velocity  in  the  direction  of  x,  t  the  time, 
and  ju.'  a  certain  constant,  depending  upon  the  nature  of  the  fluid, 
which  the  author  proposes  to  call  the  index  of  friction. 

The  author  has  succeeded  in  obtaining  the  solution  of  equations 
(1.)  in  the  two  cases  of  a  sphere  and  of  an  infinite  cylinder.  The 
latter  may  be  applied  to  the  case  of  a  pendulum  consisting  of  a  long 
cylindrical  rod,  by  treating  each  element  of  the  rod  as  belonging  to 
an  infinite  cylinder  oscillating  with  the  same  linear  velocity.  The 
following  is  the  solution  in  the  case  of  a  sphere,  so  far  as  relates  to 
the  resultant  action  of  the  lluid  on  the  sphere. 

Let  ^  be  the  abscissa  of  the  centre  of  the  sphere,  measured  in  the 
direction  of  the  motion,  a  the  radius  of  the  sphere,  r  the  time  of  vi- 
bration, i\l'  the  mass  of  the  fluid  displaced,  F  the  resultant  force  of 
the  fluid  on  the  sphere,  so  that  —  F  is  the  resistance ;  then 


where 


_F=/tM''?!l+/c''^M'^, (-2.) 

dt-        r        dt 

^_L, vAy^    /c'=^f-^y-H9i^.  .  .  (3.) 

2^2V2TrrtV  2  V2jr«V         2ira2 


The  effect  of  a  fluid  on  the  time  of  %'ibration  depends  on  the  term 
which  involves  k ;  the  effect  on  the  arc  of  vibration  depends  on  tlie 
term  which  involves  k' . 

The  expression  for  F  has  precisely  the  same  form  (2.)  in  the  case 
of  a  cylinder,  but  k  and  k'  are  certain  transcendental  functions  of 
(l«.'r)irt-'  («  here  denoting  the  radius  of  the  cylinder),  which  the 
author  has  tabulated. 

The  value  of  ^jJ  having  been  determined  for  air,  or  any  given  fluid, 
by  one  experiment  giving  the  eflfect  of  the  fluid  either  on  the  time  of 
vibration,  or  on  the  arc  of  vibration,  of  any  one  pendulum  consisting 
either  of  a  sphere  suspended  by  a  fine  wire,  or  of  a  long  cylindrical 
rod,  or  of  a  combination  of  a  sphere  and  a  rod,  the  formulae  which 
follow  from  (2.)  ought  to  make  known  the  effect  of  the  fluid  both  on 
the  time  and  on  the  arc  of  vibration  of  all  pendulums  of  the  above 
forms.  The  agreement  of  theory  with  the  experiments  of  Baily  re- 
lating to  the  effect  of  the  air  on  the  time  of  vibration  of  pendulums  is 
remarkably  close.  Even  the  rate  of  diminution  of  the  arc  of  vibration, 
the  observation  of  which  held  quite  a  subordinate  place  in  Daily's 
experiments,  agreed  with  the  rate  calculated  from  theory  as  closely 
as  could  reasonably  have  been  expected. 

The  value  of  the  index  of  friction  of  water  was  deduced  by  the  au- 
thor from  some  ex})eriments  of  Coulomb's  on  the  decrement  of  the 
arc  of  oscillation  of  discs  which  performed  extremely  slow  oscilla- 
tions in  their  own  plane  by  the  force  of  torsion.  When  this  value 
was  substituted   in  the  expression   for  the  time  of  vibration  of  a 
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sphere,  the  result  was  found  to  agree  almost  exactly  with  Bessel's 
experiments  on  the  time  of  vibration  of  a  sphere  swung  in  water. 

As  a  limiting  case  of  the  problem  of  a  ball  pendulum,  the  author 
has  deduced  the  resistance  of  a  fluid  to  a  sphere  moving  uniformly 
under  such  circumstances  that  the  square  of  the  velocity  may  be  neg- 
lected. The  resistance  thus  determined  proves  to  be  proportional, 
not  to  the  surface,  hut  to  the  radius  of  the  sphere  ;  and  therefore 
the  quotient  of  the  resistance  divided  by  the  mass  increases  very  ra- 
pidly as  the  radius  decreases.  Accordingly,  the  terminal  velocity  of 
a  minute  globule  of  water  descending  through  the  air  depends  almost 
wholly  on  the  internal  friction  of  air.  Since  the  index  of  friction  is 
known  from  Baily's  pendulum  experiments,  the  terminal  velocity  can 
be  calculated  numerically  for  a  globule  of  given  diameter.  The  ve- 
locity thus  calculated  proves  to  be  so  small,  in  the  case  of  globules 
such  as  those  of  which  we  may  conceive  the  clouds  to  be  formed, 
that  the  suspension  of  the  clouds  does  not  seem  to  offer  any  diffi- 
culty. Had  the  pressure  been  strictly  equal  in  all  directions  in  air  in 
the  state  of  motion,  the  terminal  velocity  of  such  globules  would 
have  been  far  larger,  and  consequently  the  quantity  of  water  which 
could  have  existed  in  the  air  in  the  state  of  cloud  would  have  been  im- 
mensely diminished.  It  appears  therefore  that  these  small  and  hi- 
therto almost  unrecognized  forces,  which  depend  on  internal  friction, 
are  essential  to  the  fertility  of  at  least  the  tropical  regions  of  the 
earth. 

The  author  has  also  applied  the  theory  of  internal  friction  to  the 
calculation  of  the  subsidence  of  a  series  of  oscillatory  waves.  On 
substituting  for  the  index  of  friction  in  the  resulting  formula  the  nu- 
merical value  deduced  from  the  experiments  of  Coulomb,  it  appears 
that  in  the  long  swell  of  the  ocean  the  effect  of  friction  is  insignifi- 
cant, whereas  in  the  case  of  the  short  ripples  excited  on  a  small  pool 
by  a  puff  of  wind  the  subsidence  due  to  friction  is  very  rapid.  Accord- 
ingly, short  ripples  of  this  kind  quickly  die  away  when  the  breeze 
that  excited  them  ceases  to  blow. 


ROYAL  SOCIETY. 
[Continued  from  p.  256.] 

Jan.  16,  1851. — Magnetic  Survey  of  the  Eastern  Archipelago. 
By  Captain  C.  M.  ElUot  of  the  Madras  Engineers.  Communi- 
cated by  Lieut.-Col.  Sabine,  ^'.P.  Treas.  R.S.  ^c.  Received  Jan.  15, 
1851. 

In  the  year  184-5,  the  Committee  of  Physics  of  the  Royal  Society 
having  expressed  a  wish  that  a  Magnetic  Survey  should  be  made 
of  the  East  Indian  Archipelago,  Captain  Elliot  was  ordered  by  the 
Court  of  Directors  of  the  East  India  Company  to  undertake  that 
duty,  after  the  close  of  the  Singapore  Magnetic  Observatory.  The 
observations  at  that  observatory  were  discontinued  at  the  end  of  the 
year  1845,  but  the  instruments  were  still  allowed  to  remain,  that 
the  portable  instruments  might  be  occasionally  compared  with  them 
during  the  Survey. 
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The  object  which  the  author  proposed  to  himself  was  the  deter- 
mination of  certain  magnetic  lines  within  the  limits  of  the  Survey: 
the  lines  of  no  dip,  and  of  the  maximum  horizontal  component  of 
the  earth's  force  ;  the  minimum  iutens-ity  of  the  total  magnetic  force  ; 
and  finally,  the  line  of  no  declination.  He  was  also  desirous  of  ob- 
serving tlie  variations  of  the  magnetic  elements,  and  of  ascertaining 
whether  the  changes  of  the  declination,  of  magnetic  intensity,  and 
of  the  barometer,  were  uniformly  similar  over  so  large  an  area. 
The  fixed  stations  for  this  latter  purpose  were  sixteen  in  number, 
and  the  time  em])loyed  at  each  station  varied  from  a  few  days  to 
several  months.  They  were  spread  over  an  area  of  28°  of  latitude, 
and  more  than  4-0°  in  longitude,  viz.  from  16°  latitude  north  to  12° 
south,  and  from  80°  to  12.5°  longitude  east.  This  part  of  the  globe 
coincides  very  nearly  with  the  position  of  minimum  total  force.  Of 
the  sixteen  stations,  nine  were  to  the  south  of  this  line,  three  to  the 
north,  and  four  in  its  immediate  vicinity.  Four  stations  were  in  the 
islands  adjacent  to  Singapore ;  one  in  Borneo ;  one  in  the  island  of 
Java;  two  in  Sumatra  ;  one  in  the  island  of  Mindanao  ;  one  in  Ce- 
lebes ;  one  at  the  Cocos  or  Keeling  Islands,  w  hich  was  the  most 
southern  station  to  which  Capt.  Elliot  could  venture  ;  one  at  Penang, 
and  one  in  its  immediate  vicinity ;  one  at  Nicobar,  an  island  in  the 
Bay  of  Bengal ;  one  at  Moulmein,  which  was  the  most  northerly, 
and  one  at  Madras,  whicii  Mas  the  extreme  westerly,  station.  The 
total  number  of  days  employed  in  observing  at  the  fixed  stations 
amounted  to  496.  The  instruments  employetl  at  the  fixed  stations 
were,  for  the  changes  of  declination,  sometimes  three,  but  never  less 
than  two  ;  and  for  the  changes  of  the  horizontal  force,  a  bifilar  mag- 
netometer with  a  thermometer  for  registering  the  temperature  of  the 
enclosed  magnet;  a  barometer,  either  Newman's  standard  or  a  por- 
table, with  their  attached  thermometers ;  a  dry  and  w  et  bulb  ther- 
mometer for  ascertaining  the  humidity  of  the  atmosphere  ;  and  a 
standard  thermometer.  The  observations  were  usually  made  under 
canvas,  and  close  to  the  sea-shore.  There  being  usually  but  one 
assistant,  it  was  impossible  to  observe  during  the  whole  twenty-four 
hours  ;  the  hours  of  observation  selected  were  therefore  from  3  a.m. 
to  9  P.M.  inclusive.  In  Borneo,  and  during  the  first  four  months  in 
Java,  there  were  three  assistants,  and  observations  were  taken  hourly. 

As  these  observations  were  made  at  the  different  stations  in  dif- 
ferent seasons,  it  was  necessary  to  have  the  observations  of  some 
station  for  upwards  of  a  year,  for  the  purpose  of  instituting  a  com- 
parison between  the  changes  of  one  station  with  another.  This  was 
more  especially  the  case  with  the  declination  clianges,  as  the  times 
of  extreme  westerly  variation  are  continually  altering.  The  curves 
of  changes  of  declination  at  Singapore  Mere  therefore  projected 
for  each  month  of  the  three  years  184-3,  1844'  and  184-5,  during 
M-hich  time  the  observations  had  been  made  hourly ;  and  like- 
Mise  for  each  of  the  four  seasons;  -by  comparing  with  these  the 
observations  made  during  the  Survey,  the  author  Mas  able  to  di- 
stinguish the  changes  due  to  geographical  position  i'rom  those  due 
to  the  season  of  the  year. 
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At  Singapore,  the  extreme  westerly  variation  occurs  in  December 
at  19  hours,  or  7  a.m.  ;  in  January  at  20'^ ;  in  February  at  21'' ;  in 
March,  or  the  month  in  which  the  sun  passes  the  equator,  there  is  a 
slight  retrogression ;  in  April  the  extreme  westerly  variation  is  at 
21'^;  in  July  and  August  at  23'^ ;  in  September  at  22^' ;  in  October 
at  21  ^  and  in  November  at  20  hours.  In  the  winter  tlie  extreme 
westerly  variation  is  at  20  hours ;  in  spring  at  21  hours  ;  in  summer 
at  23  hours,  and  in  autumn  at  21  hours  ;  agreeing  in  this  respect 
with  the  spring  curves,  but  differing  very  materially  as  regards  the 
progression  of  tlie  needle  eastward  in  the  afternoon.  The  oscillation 
has  much  the  greatest  range  during  the  winter  months  ;  autumn 
comes  next,  and  preserves  an  almost  perfect  parallelism  with  the 
M'inter.  The  spring  and  summer  curves  preserve  their  parallelism 
during  the  afternoon. 

Tiie  mean  curves  of  each  of  the  three  years  have  an  almost  perfect 
resemblance.  Tiiere  are  two  most  decided  maxima  at  18'^  and  at  3 
or  4  hours,  and  one  minimum  at  21''.  There  are  besides  two  other 
minima  at  10''  and  17'',  and  another  maximum  at  li  hours,  making 
in  all  three  maxima  and  three  minima.  If  we  turn  to  the  seasons, 
we  find  in  the  winter  only  one  strongly  defined  maximum  and  mini- 
mum. In  spring  two  maxima,  one  minimum  ;  in  summer  and  autumn 
two  maxima  and  two  minima.  The  amount  of  oscillation  is  greater 
in  winter  than  in  summer.  The  sun  is  a  longer  time  to  the  south 
of  the  line  of  minimum  force  than  to  the  north  of  it.  Singapore  is 
in  north  latitude  1°  18',  and  the  lines  of  no  dip  and  minimum  force 
cross  the  meridian  of  Singapore  in  latitude  8°  north  nearly,  and 
therefore  the  sun  is  to  the  south  of  these  lines  about  220  days  of 
the  year.  If  we  compare  the  oscillations  of  the  declination  at  the  dif- 
ferent stations  with  the  Singapore  curves,  we  see  that  of  the  sixteen 
stations  two  do  not  agree,  one  is  doubtful,  and  the  other  thirteen  do 
agree  with  the  march  of  the  needle  at  Singapore.  Of  the  three  not 
in  accordance,  the  one  that  is  doubtful  is  in  the  vicinity  of  the  lines 
of  no  dip  and  minimum  force,  whilst  the  two  which  do  not  agree, 
viz.  Madras  and  Moulmein,  are  both  to  the  north  of  the  line  of  no 
dip,  and  of  the  line  of  minimum  force.  The  Moulmein  observa- 
tions were  made  in  the  month  of  April ;  the  hours  of  morning  maxi- 
mum and  minimum  are  21  and  noon,  whereas  at  Singapore  the  hour 
of  morning  minimum  is  21,  which  is  that  of  the  maximum  at 
Moulmein.  Again,  the  Madras  observations  were  taken  in  the 
autumn,  the  morning  maximum  and  minimum  being  at  20  hours 
and  at  noon  ;  there  is  no  well-defined  morning  maximum  at  the 
same  period  at  Singapore,  but  the  morning  minimum  occurs  at  21 
hours.  We  see,  therefore,  that  the  stations  south  of  the  line  of  no 
dip  and  of  minimum  force,  with  the  exception  of  Keemah  in  the 
Celebes,  all  are  in  perfect  accordance  with  the  march  of  the  needle 
at  Singapore.  Sambooanga,  in  the  island  of  Mindanao,  is  nearly 
on  the  line  of  no  dip,  and  agrees  generally  with  the  Singapore 
curve ;  but  it  is  to  be  observed,  that  as  we  proceed  northerly  and 
approach  the  lines  of  no  dip  and  of  minimum  force,  the  similarity 
to  the  Singapore  curve  becomes  much  more  faint,  although  agreeing 
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tolerably  well.  This  may  be  seen  on  inspection  of  the  Plates, 
where  the  curves  of  Sumatra,  Java  and  the  Cocos,  which  are  ex- 
treme southerly  stations,  agree  exceedingly  well  with  those  at  Sin- 
gapore. 

The  next  observations  referred  to  are  those  of  the  horizontal 
force  at  different  seasons.  As  the  observations  at  the  different 
stations  were  made  at  different  times  of  tiie  year,  it  appeared  ne- 
cessary, as  in  the  case  of  tiic  declination,  to  ascertain  what  changes 
might  take  place  in  the  different  seasons  at  a  station  where  an  un- 
intf  rrujited  series  had  been  observed  for  a  considerable  time.  Ac- 
cordingly, Singapore,  where  observations  were  made  hourly  during 
three  years,  was  chosen  as  the  point  to  which  all  the  stations  of  the 
Survey  were  referred.  Unlike  the  declination,  w  hich  changes  its  time 
of  extreme  western  position,  not  only  in  every  season,  but  in  nearly 
every  month  of  the  year,  the  maximum  horizontal  force  at  Singa- 
pore occurs  with  great  regularity  either  at  22  or  23  hours,  whilst 
the  minimum  at  9  or  10  hours  is  but  very  faintly  defined.  In 
other  respects  also  the  curves  preserve  a  perfect  parallelism,  if  we 
except  only  the  greater  range  during  the  spring. 

In  the  curves  representing  the  changes  of  the  horizontal  force 
at  the  different  stations  of  the  Survey  a  general  similarity  is  per- 
ceptible ;  a  very  decided  maximum  at  noon,  with  a  minimum  very 
faintly  marked.  The  irregularity,  where  observable,  appears  to  be 
principally  attributable  to  the  short  time  during  which  the  observa- 
tions were  taken.  At  Moulmein,  the  large  oscillation  appears  to  be 
principally  due  to  the  very  great  change  of  temperature.  The  coeffi- 
cient of  temperature  of  the  magnet  was  determined  at  Moulmein, 
and  yielding  the  same  results  at  other  stations,  is  considered  satis- 
factory as  regards  accuracy.  The  range  of  the  thermometer  at 
Moulmein  was  upwards  of  3.5°;  and  in  the  middle  of  the  day,  in 
the  tent,  the  heat  was  almost  insupportable,  being  upwards  of  105°. 
The  oscillation  of  the  horizontal  force  is  much  greater  at  Moulmein 
than  at  any  other  station.  The  minimum  oscillation  is  at  Singapore, 
and  increases  both  northward  and  southward.  During  the  Survey  the 
portable  bifilar  was  compared  with  the  large  Observatory  bifilar,  and 
the  results  are  given.  The  angle  of  torsion  employed  was  always 
the  same,  equal  to  60°;  and  the  threads  by  which  the  hollow  cylin- 
drical magnet  was  suspended  were  the  same  during  nearly  the  whole 
of  the  Survey,  having  been  in  use  for  upwards  of  three  years. 

The  barometer  was  observed  at  every  station.  At  the  principal 
stations  the  standard  was  in  use,  and  at  the  others  the  portable,  from 
the  greater  trouble  and  risk  attending  the  landing  the  large  baro- 
meter. The  curve  of  the  barometer,  corrected  to  32°,  is  exceedingly 
regular,  the  time  of  maximum  and  minimum  being  identical  for 
every  station  on  the  Survey,  viz.  21  or  22  hours  for  the  maximum,, 
and  3  or  \  hours  for  the  minimum;  the  oscillation  at  every  station 
amounting  to  al)0ut  one-tenth  of  an  inch.  The  curve  of  the  ten- 
sion of  vapour,  as  determined  by  the  dry  and  wet  bulb,  is  irre- 
gular, which  is  communicated  to  the  barometric  curve  when  ap- 
plied to  it;  but  this  irregularity  may  be  owing  to  the  very  short 
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time  the  instruments  were  observed  at  some  of  the  stations;  and  for  the 
purpose  of  ascertaining  whether  this  really  was  the  case,  the  curves 
of  the  barometer,  corrected  to  32°  of  temperature,  were  projected 
at  some  of  those  stations  where  observations  had  been  carried  on  for 
more  than  a  month,  and  likewise,  in  addition,  corrected  for  tension 
of  vapour,  thus  giving  the  oscillation  of  the  column  of  dry  air. 
There  is  certainly  not  the  same  regularity  perceptible  as  in  the  oscil- 
lation of  the  barometer,  yet  there  is  considerable  uniformity  in  the 
oscillation  of  the  pressure  of  the  column  of  dry  air,  the  maximum 
generally  occurring  at  19  or  20  hours,  and  the  minimum  at  2,  3  or-i 
hours.     The  range  is  likewise  considerably  greater. 

The  tension  of  vapour  Avas  generally  a  mininmm  at  18  hours, 
when  it  amounted  to  0'8  of  an  inch.  It  then  increased  to  2  hours, 
when  it  might  amount  to  0'9  of  an  inch,  an  d  then  gradually  dimi- 
nished, having  but  one  maximum  and  one  minimum  in  the  21 
hours.  In  the  islands  of  the  Archipelago  the  air  is  nearly  saturated 
with  moisture,  and  at  Singapore  the  maximum  difference  between 
the  dry  and  wet  bulb  at  1  or  2  p,m,  amounted  to  not  more  than  7°, 
and  then  gradually  and  uniformly  diminished  till  sunrise,  when  the 
difference  was  rarely  more  than  a  degree.  There  appears  to  be 
one  maximum  and  one  minimum  of  the  dry  and  wet  bulb  thermo- 
meter, the  former  at  noon  or  1  p,m.,  the  latter  at  18  or  19  hours; 
the  greatest  and  least  differences  between  the  two  thermometers  oc- 
curring, as  has  been  observed,  likewise  at  these  hours. 

In  addition  to  the  above,  a  standard  thermometer  by  Newman 
was  observed  ;  one  maximum  and  one  minimum  occur  in  the  twenty- 
four  hours,  viz.  at  2  and  at  1 8  hours.  The  oscillation  varies  consider- 
ably; the  smallest  oscillation  being  observable  at  Singapore,  where  the 
standard  thermometer  was  placed  inside  the  Observatory,  and  ex- 
posed to  a  current  of  air  passing  through  the  building.  The  range 
was  greatest  at  Moulmein  and  in  Sumatra;  but  at  these  observa- 
tories, the  instruments  being  under  canvas,  the  direct  influence  of 
the  sun's  rays  was  very  great.  In  addition  to  these  thermometrical 
observations,  there  was  likewise  in  use  a  Solar  Radiation  Thermo- 
meter, the  bulb  of  which  was  tinged  of  a  dark  purple  colour,  not 
absolutely  black;  this  instrument  was  placed  on  a  table  outside  the 
observing  tent,  and  the  bulb  beyond  the  edge  of  the  table  exposed 
to  the  sun.  This  thermometer  was  read  off  from  19  hours  to  4  or 
5  hours  P.M.,  and  the  maximum  of  the  day,  with  the  time  at  which 
it  was  observed,  recorded.  The  minimum  thermometer  (self-regi- 
stering) was  placed  at  night,  and  in  a  similar  manner,  on  the  table 
outside  the  tent,  and  the  minimum  read  off  in  the  morning.  These 
observations  have  been  recorded  in  the  Tables,  but  have  not  been 
deemed  of  sufficient  importance  to  lay  them  down  in  curves.  This 
completes  that  portion  of  the  Survey  which  relates  to  the  hourly 
changes  of  the  magnetical  and  meteorological  instruments. 

The  author  next  proceeds  to  the  consideration  of  the  absolute 
determinations,  which  formed  the  principal  object  of  the  Survey, 
viz.  Latitude,  Longitude,  Dip,  Horizontal  Force  and  Declination. 
The  method  adopted  in  making  these  observations  Mas  as  follows. 
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Oil  arrival  at  a  station,  the  tent  was  ])itched,  and  the  instruments 
proi)ared.  These  were  a  six-inch  dip  circle,  a  portable  decli- 
nometer, an  altitude  and  azimuth  instrument  by  Robinson,  and  a 
clironometer  which  had  been  long  in  use,  and  was  scarcelj'  trust- 
worthy tor  a  fixed  rate.  Commencing  the  following  morning,  the 
first  instrument  set  up  was  the  declinometer,  and  as  the  suspen- 
sion-thread was  tiiieker  than  necessary,  to  obviate  the  necessity  of 
frequent  renewal,  the  brass  weight  for  removing  the  torsion  was 
allowed  to  swing  for  a  couple  of  hours.  During  this  interval  the 
observations  for  dip  were  completed,  and  by  9  a.m.  the  collimator 
magnet  was  in  the  box,  the  altitude  and  azinmtii  instrument  in  rear 
of  it,  aud  in  adjustment  with  it.  Sights  were  tiien  taken  with  the 
sextant  and  artificial  horizon  for  time,  and  with  the  altitude  and 
azimuth  instrument  in  connection  witli  the  collimator  magnet  for 
declination.  From  10  a.m.  to  1 1  a.m.  observations  of  deflection  at 
four  difi'erent  distances,  and  of  vibration,  were  made  with  the  port- 
able declinometer,  and  the  telescope  of  the  altitude  and  azimuth  instru- 
ment, for  the  absolute  value  of  the  horizontal  force.  At  noon  circum- 
meridional  altitudes  were  observed  for  latitude,  and  in  the  afternoon 
equal  altitudes  were  taken  to  confirm  the  observations  of  the  morning. 
The  instruments  were  then  packed  up  and  sent  off"  to  the  next  sta- 
tion. This  was  the  system  adopted  whilst  travelling  ;  but  at  the  fixed 
stations  a  great  number  of  additional  observations  were  made  of  hori- 
zontal force,  dip  and  declination. 

The  method  of  grouping  the  results  at  the  different  stations  for 
the  purpose  of  drawing  the  isoclinal,  isodynamic  and  isogenic  lines, 
is  then  described.  For  the  isoclinal  lines,  four  groups  were  formed  : 
the  first  consisting  of  forty  stations  in  Singapore,  Borneo  and 
Java ;  the  second  of  thirty  stations  in  Sumatra ;  the  third  of  thirty 
stations  at  sea ;  and  the  fourth  of  thirty  of  the  principal  stations  in 
the  Archipelago. 

The  first  gave  for  the  latitude  of  its  central  station  6°  17'  south  ; 
longitude  108°  55'  east;  and  27°01''5  south  dip.  These  thirty  sta- 
tions form  so  many  equations  of  condition,  and  were  combined  by 
the  method  of  least  squares,  as  practised  by  Colonel  Sabine  in  his 
Magnetic  Survey  of  the  British  Isles  :  from  the  final  equations  it  was 
found  that  the  dip  increased  I'-910  for  each  geographical  mile  per- 
pendicular to  the  isoclinal  lines,  and  that  the  direction  of  the  latter 
is  from  north  86°  06'  east  to  south  86°  06'  west. 

In  the  Sumatran  group  the  latitude  of  the  central  station  was  0°  08' 
south  ;  longitude  100°  31'  east ;  dip  16°  36'-6  south  ;  the  rate  of  in- 
crease of  dip  being  2'*02I  for  each  geographical  mile  perpendicular 
to  the  isoclinal  line,  the  direction  of  which  is  from  north  83°  28'  west 
to  south  83°  28'  east. 

In  the  third,  or  sea  group,  the  latitude  of  the  central  station  is 
2°  38';  longitude  110°  05'  east;  dip  9°  1 1'-?  south;  the  resulting 
equations  give  the  isoclinal  line  running  from  north  87°  26'  west  to 
south  87°  26'  east;  and  the  dip  in  the  line  at  right  angles  to  it  in- 
creases at  the  rate  of  l'*993  for  each  geographical  mile. 

The  last  or  general  group  of  thirty  of  the  principal  stations 
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in  the  Magnetic  Survey  give  the  resulting  equations  at  a  mean 
latitude  of  0^  09'  north,  mean  longitude  10i°  44'  east,  and  mean 
dip  14°  40'*4  south  ;  the  isoclinal  line  running  from  north  86°  39' 
west  to  south  86°  39' east;  and  the  dip  in  the  line  at  right  angles  to  it 
increasing  at  the  rate  of  I'*953  for  each  geographical  mile. 

Nearly  the  same  method  has  been  pursued  in  laying  down  the 
lines  of  equal  horizontal  force.  In  one  group  this  line  forms  an 
angle  of  north  67°  48'  west  to  south  67°  48'  east  with  the  meri- 
dian, and  the  line  perpendicular  to  it  proceeds  at  the  rate  of 
•0008249  for  each  geographical  mile,  the  central  station  being  in 
latitude  0°  38'-5  north,  and  longitude  102°  26'  east.  In  another 
group  at  the  central  station  3°  40'  south,  and  106°  33'  east,  the 
line  of  equal  horizontal  force  forms  an  angle  of  *60°  57'  with  the 
meridian,  and  increases  at  the  rate  of  0003855  for  each  geographi- 
cal mile  on  the  perpendicular  line. 

The  lines  of  declination  have  been  laid  down  with  reference  to 
the  declination  at  each  station  individually,  the  particular  form  of 
the  lines  rendering  the  method  of  grouping  inapplicable. 

Total  force. — The  total  force  was  not  determined  directly,  but  by 
the  formula  /"^^  .  sec  I,  where  A  is  the  horizontal  intensity,  c  the 
dip,  and  /  the  total  force ;  and  as  the  dip  changes  rapidly,  but 
regularly,  whilst  the  horizontal  intensity  changes  slowly,  but  irregu- 
larly, it  is  evident  the  lines  of  total  force  will  follow  in  some  de- 
gree the  regularity  of  the  intervals  between  the  lines  of  dip. 

The  total  force  for  each  station  was  determined  by  the  above 
formula,  and  equations  of  condition,  combined  by  the  method  of 
least  squares,  determined  ihe  direction  of  th^  isodynaraic  line,  in 
the  mean  latitude  of  3°  05'  south,  longitude  106°  47';  where  the 
mean  total  force  was  8"745.  The  angle  which  the  isodynamic  line 
forms  with  the  meridian  is  from  north  85°  36'  west  to  south  85°  36' 
east,  and  increases  southerly  at  the  rate  of  '001073  for  each  geogra- 
phical mile.  The  line  of  least  intensity,  in  the  space  over  which 
the  Survey  was  carried,  appears  to  agree  almost  exactly  with  the  line 
of  no  dip. 

To  recapitulate  briefly  respecting  the  position  of  the  principal 
lines.  The  line  of  no  dip  cuts  the  meridian  at  an  angle  approach- 
ing a  right  angle,  and  near  the  parallel  of  latitude  of  8°  north  in  the 
longitude  of  Singapore  ;  the  rate  of  progression  being  almost  exactly 
two  miles  of  dip  to  one  mile  of  latitude.  The  line  of  least  total 
force  varies  but  little  from  the  line  of  no  dip,  forming  indeed  a 
somewhat  larger  angle  with  the  meridian.  The  direction  of  the 
maximum  horizontal  force  forms  an  angle  of  nearly  65°  with  the 
meridian  from  north-west  to  south-east,  but  neither  the  maximum 
horizontal  nor  the  minimum  total  intensity  appear  to  be,  strictly 
speaking,  lines.  In  taking  two  stations  having  the  same  value,  the 
one  to  the  north  and  the  other  to  the  south  of  the  position  of 
greatest  horizontal  intensity,  and  dividing  the  distance  between 
them,  it  might  be  supposed  that  this  would  be  the  position  of  the  line 
of  greatest  horizontal  intensity ;  but  the  maximum  horizontal  intensity 
appears  not  to  be  a  line,  but  a  space  or  belt  extending  for  a  consi- 
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derable  distance  on  either  side  of  this  line ;  the  value  in  this  space 
being  8'20.  The  niininiuin  total  force  was  8*149 ;  the  station  being 
Madras,  in  latitude  13''  04'  north,  longitude  80°  16'  oast,  dip 
7°  3-i'  north,  horizontal  intensity  8-078,  and  declination  0°  56'  09" 
east. 

In  addition  to  the  above,  observations  were  made  at  sea,  consist- 
ing of  temperatures  of  the  air  and  sea  ;  the  drj'  and  wet  bulb,  the 
standard  thermometer,  and,  whenever  practicable,  of  the  dip  with  a 
Fox's  Dip  Circle.  The  author  remarks  that  it  is  impossible  to  over- 
estimate the  practical  value  of  this  instrument  at  sea  in  low  lati- 
tudes. The  dip  changes  two  minutes  for  every  mile  of  latitude. 
The  seas  are  generally  smooth.  When  astronomical  observations 
cannot  be  taken,  the  dip  circle  becomes  a  truly  valuable  latitude  in- 
strument, and  in  a  few  minutes,  by  day  or  by  night,  the  latitude  of 
the  ship  can  be  correctly  ascertained. 

The  author  concludes  by  remarking  that  he  has  found  Colonel 
Sabine's  many  works  on  magnetism  of  considerable  use,  more  espe- 
cially '  Lloyd  and  Sabine's  Magnetic  Survey  of  Great  Britain  and 
Ireland.' 


XLVI.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  SULPHURET  OF  NITROGEN.       BY  MM.  FORDOS  AND  GELIS. 

MSOUBEIRAN  has  given  to  sulphuret  of  nitrogen  the  formula 
•  S^N  ;  and  it  is  chiefly  on  the  action  which  water  exerts  on 
this  compound,  at  a  boiling  heat,  that  he  has  supported  this  formula. 
In  this  reaction,  then,  three  equivalents  of  water  must  be  fixed  ;  no- 
thing is  disengaged,  and  there  must  result  from  this  fixation  a  salt, 
the  formula  of  which  must  be  80^,  NH^,  Aq,  that  is  to  say,  a  sesqui- 
h5'posulphite  of  ammonia.  This  assertion  was  sufficient  to  cause  the 
authors  to  doubt  the  correctness  of  the  observation  ;  for  at  present, 
neutral  hyposulphites  only,  the  formula  of  which  is  S*  O",  MO,  are 
known ;  and  it  is  thought  useful  to  state,  that  in  all  cases  in  which 
hyposulphites  of  a  different  formula  were  supposed  to  exist,  a  more 
precise  examination  has  always  led  MM.  Fordos  and  Gelis  to  the 
discovery  of  errors  in  experimenting. 

It  appeared,  therefore,  immediately  that  the  study  of  the  action 
of  water  on  sulphuret  of  nitrogen  ought  to  be  renewed ;  and  the 
authors  state  that  they  were  occupied  with  this  research  when  M. 
A.  Laurent  published  in  the  Revue  Scientijiqiie  his  ideas  on  the  con- 
stitution of  ammoniacal  compounds.  In  this  memoir  he  states,  as 
his  opinion,  that  the  formula  of  the  substance  known  under  the 
name  of  sulphuret  of  nitrogen  ought  to  be  altered,  and  that  it  must 
contain  hydrogen,  and  be  represented  by  S^  HN,  and  consequently 
that  it  is  not  a  sulphuret  of  nitrogen. 

The  results  obtained  by  MM.  Fordos  and  Gelis,  though  quite  dif- 
ferent from  those  of  M.  Soubeiran,  do  not  admit  of  their  adopting 
the  new  formula;  as,  however,  the  assertions  of  M.  Laurent  were 
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supported  by  some  experiments,  the  authors  thought  proper  to  repeat 
their  experiments  ;  and  remaining  certain  of  the  correctness  of  their 
first  results,  they  decide  to  publish  them. 

When  ammoniacal  gas  is  made  to  react  on  perchloride  of  sulphur, 
these  substances  undergo  a  series  of  transformations,  respecting 
which  the  authors  state  that  want  of  space  prevents  dilating :  there 
is  eventually  obtained  a  powder  of  a  pure  yellow  colour,  which  j\I. 
Soubeiran  en*oneously  considered  as  a  peculiar  substance,  and  which 
he  described  under  the  name  of  biammonia.cal  chloride  of  sulphur. 

From  this  powder,  the  authors  state,  that,  by  means  of  solvents, 
they  were  able  to  separate  five  substances ;  when  it  is  treated  with 
sulphuret  of  carbon,  it  yields  sulphur,  and  a  product  of  a  fine  orange- 
yellow  colour.  When  it  is  repeatedly  washed  cold,  with  small 
quantities  of  sulphuret  of  carbon,  all  the  sulphur  is  dissolved  ;  and 
on  treating  the  residual  mass,  thus  freed  from  sulphur,  with  boiling 
sulphuret  of  carbon  till  it  ceases  to  be  coloured,  all  the  orange  matter 
is  removed,  which  the  solution  by  evaporation  deposits  in  the  form 
of  crystals.  It  is  evidently  this  substance,  more  or  less  impure, 
which  has  been  examined  by  M.  Soubeiran  under  the  name  of  sul- 
phuret of  nitrogen,  for  it  possesses  the  greater  number  of  the  proper- 
ties which  he  indicates. 

Sulphuret  of  nitrogen  in  a  pure  state  has  the  form  of  transparent 
rhombic  prisms,  the  powder  of  which  is  of  a  very  bright  golden  colour  ; 
but  this  powder  must  not  be  prepared  without  certain  precautions, 
for  a  slight  blow  of  this  powder  on  a  hard  substance  is  sufficient  to 
occasion  strong  explosion.  Five  centigrammes  of  sulphuret  of  ni- 
trogen, put  into  an  agate  mortar  and  struck  with  the  pestle,  occa- 
sioned a  report  as  loud  as  that  of  a  musket,  and  the  pestle  and  mortar 
were  broken  into  many  pieces. 

When  sulphuret  of  nitrogen  is  touched  with  an  ignited  body,  it 
melts  without  detonating.  Heated  in  an  oil-bath,  in  a  tube  closed  at 
one  end,  it  is  destroyed  at  about  157°  C,  yielding  nitrogen  and  sul- 
phur, with  traces  of  the  substance  undecomposed. 

Sulphuret  of  nitrogen  when  reduced  to  powder  has  a  slight  odour, 
and  it  acquires  bj^  friction  the  property  of  adhering  to  glass  and 
paper  in  a  high  degree.  Its  action  on  the  mucous  membranes  is 
extremely  irritating.  Water  moistens  it  with  difficulty,  and  does 
not  dissolve  it ;  alcohol,  sether,  pyroxylic  spirit  and  oil  of  turpentine, 
dissolve  it  in  small  quantity  ;  but  sulphuret  of  carbon  is  the  best 
solvent. 

Sulphuret  of  nitrogen  is  not  entirely  without  action  on  sulphuret 
of  carbon ;  it  takes  place,  however,  slowly,  and  requires  a  long  period 
for  its  completion,  and  the  action  is  very  remarkable.  The  authors 
have  observed  the  solutions  of  sulphuret  of  nitrogen  in  sulphuret  of 
carbon  become  completely  colourless  in  some  months  ;  and  among  the 
products  they  found  sulphur,  sulphohydrocyanic  acid,  and  a  deposit 
of  a  golden  yellow  colour,  which  had  the  appearance  of  the  substance 
imperfectly  known  and  called  by  chemists  sulphocyanogen,  or  oxy- 
sulphuret  of  cyanogen. 

The  analysis  of  this  substance  made  by  the  authors  does  not  lead 
to  any  of  the  formulae  attributed  to  it :  but  as  we  do  not  possess  any 
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positive  statement  as  to  the  composition  of  sulphocyanogen,  MM. 
Fordos  and  Gelis  propose  to  make  a  comparative  examination  of  the 
two  bodies,  as  soon  as  thej-  can  obtain  them  in  sufficient  quantity. 

Anali/sis  of  the  sulphurct  of  nitrogen. — Every  means  was  taken  in 
searching  for  hydrogen,  and  in  all  the  experiments  considerable 
quantities  of  the  matter  were  employed,  in  order  to  diminish  as  much 
as  possible  the  chances  of  error. 

First  experiment :  0"5  gr.  of  sulphuret  of  nitrogen  gave  0"015  gr. 
of  water. 

Second  experiment :  0"5  gr.  of  sulphuret  of  nitrogen  gave  0'045 
gr.  of  water. 

Third  experiment :  10  gr.  of  sulphuret  of  nitrogen  gave  0'004  gr. 
of  water. 

These  results,  and  especially  the  last,  sufficiently  prove  that  the 
substance  examined  contains  no  hydrogen,  and  consequently  that 
the  formula  given  by  M.  Aug.  Laurent  ought  to  be  rejected. 

The  authors  add  that  the  formula  S-  NH,  which  had  been  pro- 
posed by  this  chemist  for  sulphuret  of  nitrogen,  appears  to  belong  to 
another  substance  ;  it  being  proved  that  the  compound  in  question 
contains  no  hydrogen,  and  consequently  that  it  is  a  sulphuret  of 
nitrogen,  it  is  easy  to  show  that  it  has  not  the  composition  indicated 
by  M.  Soubeiran ;  the  formula  which  he  proposes  would  give  77'32 
of  sulphur  and  22-6S  of  nitrogen. 

The  numbers  obtained  by  MM.  Fordos  and  Gelis  are  far  from 
being  the  same ;  they  correspond  to  S^  N,  or — 
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These  results  were  confirmed  by  the  examination  which  was  made 
by  the  action  of  water  and  the  alkalies  on  this  substance.  According 
to  M.  Soubeiran,  cold  water  acts  slowly  upon  sulphuret  of  nitrogen, 
converting  it  into  hyposulphite  of  ammonia,  and  the  salt  contains 
one  proportion  of  ammonia  and  one  and  a  half  proportion  of  hj'po- 
sulphurous  acid ;  according  to  the  same  chemist,  alkaline  solutions 
accelerate  the  transformation  of  sulphuret  of  nitrogen  into  ammonia 
and  hyposulphurous  acid ;  these  statements  are  inadmissible ;  for 
the  decomposition  of  water,  as  indicated  by  M.  Soubeiran,  would  be 
represented  by  the  formula  S'' N  +  4H0  =  S' 0^  NH^  HO;  there- 
fore,  in  the  reaction,  on  the  supposition  that  the  formula  for  sul- 
phuret of  nitrogen  S^  N  is  exact,  which  it  is  not,  no  gas  would  be 
disengaged  ;  whereas  it  is  vei-j'  easy  to  prove,  that  during  this  re- 
action ammonia  is  evolved.  It  is  also  to  be  proved  that  the  liquor 
possesses  all  the  characters  of  a  mixture  of  hyposulphurous  acid  and 
an  acid  of  the  tliionic  series. 

The  analyses  of  the  products  proved  that  the  reaction  of  water  on 
the  sulphuret  of  nitrogen  must  be  represented  by  the  follo\ving 
equation — 
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4(S-N)  +  9(HO)  +  Aq=S'0-,  NH^  Aq  +  (2S^0^  H^N.  Aq) 

+  H3N. 
This  formula  explains  all  the  obsen'ed  phaenomena,  and  its  accu- 
racy is  rendered  unquestionable  by  the  reaction  of  potash  on  the 
sulphuret  of  nitrogen,  which  may  be  represented  by 
2(S2N)  +  3(KO)+6(HO)=S2  0^  KO  +  2(S02,  KO)  +  2(NH3). 

There  are  formed  a  hyposulphite  and  a  sulphite  in  such  propor- 
tions that  each  of  the  two  salts  contains  an  equal  quantity  of  sulphur. 
These  products  are  evidently  due  to  two  reactions  ;  to  that  of  water 
on  the  sulphuret  of  nitrogen,  and  that  of  potash  on  the  trithionic 
acid  derived  from  the  first  reaction.  It  is  well  known  that  this 
acid  is  resolved  by  the  alkalies  into  sulphite  and  hyposulphite, — 
2(S3  03)  +  5 (KO)  =  S2  02  KO  +4S02'kO. 

Comptes  Rendus,l>\o\QWLhxe.  18,  1850. 


ON  THE  CYANIC  AMIDIDES. 
BY  MESSRS.  L.  CLOEZ  AND  CANNIZZARO. 

On  bringing  gaseous  chloride  of  cyanogen  and  ammoniacal  gas 
into  the  presence  of  each  other,  M.  Bineau  obtained  a  solid  com- 
pound, to  which  he  gave  the  name  of  ehlorocyanate  of  ammonia, 
representing  its  composition  by  the  formula  CyCl,  2(NH3). 

On  attempting  to  form  with  the  new  bases  of  ,M.  Wurtz  and  the 
chloride  of  cyanogen  the  compounds  corresponding  to  those  of  am- 
monia, the  results  obtained  were  such  as  to  lead  us  to  re-examine 
the  compounds  described  by  M.  Bineau  ;  and  we  soon  became  con- 
vinced that  the  ehlorocyanate  of  ammonia  was  a  mixture  of  the  hy- 
drochlorate  of  ammonia  and  a  species  of  amide,  which  we  have  iso- 
lated, and  the  composition  of  which  may  be  represented,  according 
to  our  analyses,  by  one  of  the  equivalent  formulae — 

Cy,  NHS  N  C^;],  C2  H^  N'^. 

We  have  named  this  substance  cyanamide ;  the  following  equa- 
tion will  exhibit  its  formation  : — 

CyCl  +  2NH3  =  NH3,  HCl  +  Cy,  NH^ 

The  best  method  of  preparing  cyanamide  consists  in  passing  a 
current  of  perfectly  dry  chloride  of  cyanogen  through  a  solution  of 
ammoniacal  gas  in  anhydrous  sether.  Hydrochlorate  of  ammonia 
is  deposited,  which  is  separated  by  filtration  ;  and  on  distilling  the 
aetherial  solution  in  a  water-bath,  the  residue  consists  of  perfectly 
pure  cyanamide. 

Cyanamide  is  a  white  crystallizable  substance,  which  melts  at 
104°  F.,  but  remains  in  the  liquid  state  at  a  far  lower  temperature. 
We  retained  a  certain  quantity  of  ti)is  substance  in  the  liquid  state 
for  twenty-four  hours,  in  a  room  where  the  temperature  was  not 
above  54° ;  but  on  touching  the  substance  with  a  pointed  piece  of 
glass,  it  instantly  became  solid.  At  about  302°,  cyanamide  exhi- 
bits a  very  remarkable  phaenonienon ;  it  suddenly  solidifies,  with 
disengagement  of  a  lai'ge  quantity  of  heat.     The  composition  of  the 
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substance  thus  proJuced  is  the  same  as  that  of  cyanainide,  but  its 
properties  are  ditierent;  it  has  all  the  characters  of  melamine,  which 
oufrht,  according  to  this  new  mode  of  origin,  to  be  regarded  as  the 
amide  of  cyanuric  acid,  and  called  cyanuramide  or  cyanuramine,  ad- 
mitting that  it  results  from  the  tripling  of  the  molecule  of  cyanamide. 
Cyanamide  does  not  alter  in  dry  air ;  it  dissolves  readily  in  water ; 
but  on  evaporating  the  solution,  a  residue  is  obtained,  which  is 
nearly  insoluble  in  water,  and  which  we  suppose  to  be  cyanuramine. 
Anhydrous  alcohol  and  tether  dissolve  it  without  altering  it;  alkalies 
decompose  it.  It  furnishes  with  some  acids,  nitric  acid*  among 
others,  crystalline  compounds,  which  we  intend  examining. 

The  volatile  ba?es  of  M.  Wurtz  and  a  large  number  of  organic 
alkalies  behave  in  the  same  manner  as  ammonia  towards  the  chlo- 
ride of  cyanogen  ;  in  general  a  hydrochlorate  of  the  base  and  a  cor- 
responding cyanic  amide  are  produced.  We  have  already  obtained 
several  of  these  compounds,  but  as  yet  have  examined  only  those 
which  result  from  the  action  of  chloride  of  cyanogen  on  methylia, 
aethylia  and  amylia,  viz.  cyanomethylamide,  cyanethylamide  and 
cyanamylainide.  All  these  bodies  are  members  of  the  series  of 
which  cyanamide  is  the  first  term,  as  the  following  table  will  show : — 

Cyanamide    Cy,  NH^  =      ( ^Mx  =  C'2  H^  N* 

Cyanomethylamide     Cy,  C^   H^   N=C2/^^Mn=C^   H^   N^ 
Cyanethylamide    ..    Cy,  C*   H^   N=  C-«  T  ^Mx=Ce  H^  N» 

Cyanaraylaraide    ..    Cy,  C'o  H'2  N  =  C'or^'^)N  =  C'2  H'2  N* 

In  certain  cases,  the  chloride  of  cyanogen,  in  acting  upon  a  base, 
may  give  rise  to  a  new  alkali,  as  observed  by  ]M.  Hofmann  in  regard 
to  aniline.  The  constitution  of  the  bases  thus  obtained  may  be  re- 
presented by  the  cyanamide  of  the  base  acted  upon  conjoined  with 
the  base  itself.  On  this  view,  the  melaniline  of  M.  Hofmann  might 
be  represented  by  the  formu.a — 

C'2  H'  N,     C'"-  {^\  N     =e^6  H'3  N3. 

Aniline.  Cyanilide.  Melaniline. 

The  bromide  and  the  iodide  of  cyanos-en  produce  with  ammonia 
and  the  volatile  alkalies  mixtures  of  the  hydrobromate  or  hydriodate 
of  the  alkali  acted  upon  and  the  corresponding  cyanic  amide. — 
Comptes  Rendns,  Jan,  13,  1851. 

OCCURRENCE  OF  GADOLIXITE  IN  IRELAND. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gextlemen,  Dubhn,  Jan.  29,  1851. 

Tlie  occurrence  of  gadolinite  iu  Ireland,  wliere  it  has  not  been 
before  discovered,  is  possibly  worth  notice  in  your  pages,  it  being 
a  mineral  of  considerable  rarity  in  any  locality. 

*  Nitric  acid,  added  in  small  quantity  to  an  pctherial  solution  of  cyanamide, 
produces  nitrate  of  urea. 


Meteorological  Observations.  351 

It  was  found  lately  in  the  trap  rock  which  exists  in  the  neighbour- 
hood of  the  town  of  Galwaj",  and  which  also  abounds  in  epidote, 
and  some  other  rare  minerals. 

The  single  specimen  which  I  have  examined  is  amorphously  im- 
bedded in  the  trap,  and  is  easily  recognized  as  gadolinite  by  its 
black  colour,  peculiar  lustre  and  fracture,  hardness  nearh"  equal  to 
that  of  rock  crystal,  infusibility  before  the  blowpipe  (intum.escing, 
however,  into  cauliflower- like  masses),  and  its  gelatinizing  with 
muriatic  acid.  I  remain.  Sir,  Yours,  &c., 

J.  William  Mallet. 


METEOROLOGICAL  OBSERVATIONS  FOR  FEB.  1851. 
Chiswick. — February  1.  Overcast  :  fine  :  clear  at  night.  2.  Rain  :  hazy:  slight 
fog:  frosty.  3.  Frosty  and  foggy :  cloudy.  4.  Clear:  cloudy  and  fine:  clear 
and  frosty.  5.  Drizzly.  6.  Clear  and  fine.  7.  Rain.  8.  Fine  :  heavy  clouds  : 
clear.  9.  Cloudy  and  fine.  10.  Hazy.  11.  Clear.  12.  Very  fine.  13.  Hazy: 
cloudy  :  slight  fog.  14.  Dense  fog:  hazy.  15.  Foggy  :  exceedinglv  fine  :  frosty. 
16.  Sharp  frost:  clear  and  very  fine:  frosty.  17.  Frosty,  with  fog:  clear: 
cloudy.  18.  Cloudy  and  fine.  19.  Densely  clouded.  20.  Very  fine:  rain  at 
night.  21.  Hazy  :  fine  :  slight  fog.  22.  Dense  fog  :  very  fine  :  clear  at  nicht. 
23.  Clear  and  fine.  24.  Cloudy  :  foggy.  25.  Foggy.  26.  Fine  :  clear :  frosty. 
27.  Slight  shower  of  sleet :  dense  dark  clouds.     28.    Cloudy  and  cold. 

IVlean  temperature  of  the  month     38°'35 

Mean  temperature  of  Feb.  1850    42  "60 

3Iean  temperature  of  Feb.  for  the  last  twenty-five  years    .  39  -56 
Average  amount  of  rain  in  Feb 1-67  inch. 

Boston. — Feb.  1.  Fine.  2.  Cloudy.  3.  Cloudy:  rain  p.m.  4.  Fine.  5, 
Cloudy:  rain  p.m.  6.  Fine.  7.  Cloudy:  rain  a.m.  and  p.m.  S — 10.  Fine. 
11  —  14.  Cloudy.  15.  Foggy.  16 — 18.  Fine.  19,20.  Cloudy.  21.  Fine. 
22.  Foggy.  23.  Fine.  24.  Fine  :  rain  p.if.  25.  Foggy  :  rain  a.m.  26.  Fine. 
27.   Fine:  rain  a.m.  and  p.m.     28.   Fine. 

Apjilegarlh  Manse,  Dumfries-shire. —  Feb.  1.  Frost:  snow  meltincr.  2.  Frost 
gentle  :  louring  p.m.  3.  Rain  in  the  night :  drizzly  day.  4.  Frost  rather  hard  : 
fine  :  clear.  5.  Rain  heavy  :  high  wind  :  flood.  6.  Rain  in  the  night  :  fair  day. 
7.  Rain  all  day  :  high  wind  :  flood.  8.  Fair  and  fine  a.m.  :  a  few  drops  p. jr. 
9.  Fog:  hoar-frost:  cleared  p.m.  10.  Fair  a.m.  :  rain  p.m.  11,  12.  Dripping 
day.  13.  Fair  throughout.  14.  Fair  early  a.m.  :  slight  drizzle.  15,16.  Shower 
during  night:  fine  day.  17.  RaiuA.M.:  cleared  at  noon.  18,19.  Storm  of  wind 
and  rain.  20.  Fair  and  fine  :  a  few  drops  p.m.  21.  Frost :  fine  :  butterfly  seen. 
22.  Frost  harder  :  barometer  falling.  23.  Frost  mild  :  barometer  fallino'.  24. 
Frost  slight :  fine  and  clear.  25.  No  frost :  fine  :  cold  p.m.  26.  Frost  o-entle  : 
cloudy.  27.  No  frost :  but  ungenial.  28.  Frost:  clear  and  fine. —  During  this 
month  the  spring  flowers  were  earlier  by  three  or  four  weeks  than  usual  :  snow- 
drops, crocuses,  hepaticas,  polyanthuses,  daffodils,  in  full  bloom. 

Mean  temperature  of  the  month    , 39°'45 

Mean  temperature  of  Feb.  1850    41    -70 

Mean  temperature  of  Feb.  for  the  last  twenty-nine  years  ...  36  -90 
Average  rain  in  Feb 2-14  inches. 

Sandidck  Manse,  Orkjiei/. — Feb.  1.  Clear:  frost:  clear:  aurora.  2.  Bright: 
frost :  cloudy.  3.  Bright :  clear.  4.  Bright :  clear  :  cloudy.  5.  Cloudy  :  Tain. 
6.  Sleet- showers  :  showers.  7.  Rain  :  showers.  8.  Bright :  clear.  9.  Cloudy: 
fine:  rain.  10.  Showers:  clear:  showers.  11.  Bright:  showers.  12.  Snow- 
showers:  clear:  frost.  13.  Clear:  frost.  14.  Drops:  showers.  15.  Clear: 
drizzle.  16.  Drizzle:  clear.  17.  Drops:  cloudy.  18.  Rain:  cloudy:  aurora. 
19.  Showers:  cloudy:  aurora.  20.  Showers:  sleet-showers.  21.  Bright:  showers. 
22.  Clear  :  aurora.  23.  Clear  :  hoar-frost :  fine  :  aurora.  24.  Clear  :  frost : 
clear  :  aurora.  25.  Clear  :  frost  :  fine  :  aurora.  26.  Cloudy  :  fine  :  cloudy. 
27.   Hoar-frost :  cloudy.     28.   Showers  :  cloudy. 


•5I3IM11UBS 


•OJiqs 
-saujiuna 


•jjoi.ttsiqo 


•JJDIJipUBS 


I      'aiiqs 
I  -saujluna 


I  «•  ^  s  i^iiii-iiiiit 


^  i*  i  h' *i  s  £ -=•  I  i 


*»  »   %'  S   «■  S:   >■   ^   ».'   &   aJ  5:   a!   ,;;   W   oJ  k   ^   a    S    sJ  «   S  **   »>   aJ  -•   aJ 


s  i  i  I  s  ^-  -i  i  I  >  i*  i 


*  ^  si?  S 


.:  i  J    •  a5    .  aj  i  ^ 

=    S  ^  Sec 


•ui-d  I 
•ijoiMsiqo 


0,5 


•lU'd 

is 


•tU"B 

f6 


•U!W 


£2 

a 


•ui-B^8 
•uojsog 


•utM 


:£•£ 


£  s "  i  ^'  s'  ^  i  s « i  >■  ^ « -«•  s  ^'  i  i  ^' « *•  s " « s  £  s 


«v5cOTi>T^TS'->*<*->3"^iOrtcorT^Tl<'*'*'<3''^Tfrj'"^cor^coc«5rorO 


ope»<r50o>f)<N  —  — co<yiOSM5\  9^ao  »p  —  <'.'5  71*  17-00  o\  o  o  ■jf  tt  co 

0>  CT^  ^  On  On  0^  C>  O  O  0^  C^  O  O^  ON  0^  ON  0>  ON  On  On  On  On  On  O  O  O  O  O 


ovomt^'S'LC'N'o-s-ooirooN—  O'^o-^oooocio  —  c^orn— o 

(OO—   'C—  C»(N>/:)—   OONONOONONOmOfNlNOCOOONCN-^lOCO 
OnCNO^OnOnOnOnONC   O   OnOnO  ONOnO  OnCnOnOnOnOnCnOnC   O  O   O 


ONOO(Nr^oOfOoOcourNO<£>-^OC-^>0-^rocoooo<Or^rococo<S 
•Tcr^c^ip  oop  -rro  ei  o  ONOp  cno  o  CNr^-^-^ooooc  r^r^o  r^inc^ 

On  On  On  On  0\  On  On  O  O  O  On  On  On  O  O  On  On  On  On  on  On  On  O^  On  O  O  O  O 


•lUB  J8 


JO  SAB(J 


—  C<  <N   "3'»'0r0t^'^0   OCX)  C^^OOO  ONONI^ipcOtN  ipt^^O  -^ipONO  O 
On  On  On  On  On  On  On  On  O  O  On  On  On  On  On  On  On  On  On  On  On  On  On  On  on  On  O  O 


■^00 
<N  —  On 
•"*  10  T 


o  m  i> 


moo  o« 
On  c>  r^ 
t"  LO  r^ 


ON  10 

00  00 


ON  -"S-OO  • 
c^  On  -^  1 

ON  t--  —    • 


10  <£>  00 
(N  C  O 
CO  c^  (N 

.6  6  6 

ror<5  ro 

'  iTJ  ON  O 

'  r^  ts"  Lo 

en  O  (N 


O  <N 

>*  O 

o  o 


O  O  «3 
— •  iM  _ 


to  t-~ 

—  o 


irt  — '  — 
rn  iTS  <0 
(N  CO  IN 


— .  to—  -^  o  r^ 

lO  10  CO  —  —  CO 
O  ON 00  t^CO  ON 


<N  t.0  —  00  —  r^ 

—  —  —  to  —  o 

—  O  ON  t^  ON  o 


(MOO 

ONO    — 

r^r-oo 

ON  O^  ON 
CN  (M  tN 

-*o  t^ 

OMO  rf 
00  t^  On 


O  »*  TJ" 
—  CO  no 
IN  coc< 


(O  CO  CO 

d  10  -rr 

CO  CO  CO 


o 


THE 
LONDON,  EDINBURGH   xsd  DUBLIN 

PHILOSOPHICAL  MAGAZINE 

AND 

JOURNAL  OF  SCIENCE. 


[FOURTH  SERIES.] 


MAY  185L 

XLVII.  On  certain  Questions  relating  to  the  Theory  of  Probabi- 
lities. By  W.  F.  DoNKiN,  M.A.,  F.R.S.,  F.R.A.S.,  Savilian 
Professor  of  Astronomy  in  the  University  of  Oxford-'^. 

WITHIN  tlie  last  year  three  papers  have  beeu  published  on 
subjects  connected  with  the  theory  of  probabilities,  all 
discussing  or  suggesting  questions  of  more  or  less  importance 
and  difficulty  ;  namely,  an  article  in  the  Edinburgh  Review  for 
July  1850  ;  remarks  on  certain  parts  of  this  article  by  i\Ir.  R.  L. 
Ellis,  in  the  last  November  Number  of  this  Journal ;  and  a  paper 
by  Prof.  J.  D.  Forbes  in  the  December  Number  of  the  same.  In 
what  follows,  I  am  not  going  to  attempt  anything  like  a  detailed 
examination  of  any  of  these  papers,  but  merely  to  offer  some 
considerations  which  may,  I  hope,  contribute  something,  however 
little,  towards  a  settlement  of  the  questions  treated  in  them,  so 
far  as  they  involve  matters  of  doubt  or  controversy.  How  far 
there  may  be  any  originality,  either  of  substance  or  form,  in 
anything  that  I  shall  say,  I  hope  I  may  be  allowed  to  leave  the 
reader  to  settle  for  himself,  if  he  care  about  it ;  though  of  course 
I  shall  not  intentionally  make  unacknowledged  use  of  the  labours 
of  others,  unless  in  so  far  as  their  results  may  be  considered  to 
have  become  eonnnon  property. 

1 .  It  will,  I  suppose,  be  generally  admitted,  and  has  often  been 
more  or  less  explicitly  stated,  that  the  subject-matter  of  calcula- 
tion in  the  mathematical  theory  of  probabilities  is  quantity  of 
belief.  Every  problem  with  which  the  theory  is  concerned  is  of  the 
following  kind.  A  certain  number  of  hypotheses  are  presented  to 
the  mind,  along  with  a  certain  quantity  of  information  relating  to 
them  •  In  what  way  ought  belief  to  be  distributed  among  them  ? 
And  the  law  which  must  always  be  made  the  foundation  of  the 

*  Commimicateil  bv  tlie  Author. 
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whole  theory  is  the  followinnc: — J  Then  several  hiipotheses  are  pre- 
sented to  our  nnnd,  which  we  believe  to  he  nrntudlbj  exclusive  and 
exhaustive,  but  about  which  we  know  nothing  further,  we  distribute 
our  belief  equallij  amongst  them.  I  mean  by  these  expressions  to 
ini])ly,  that  the  hypotheses  not  only  exhaust  the  whole  range  of 
possibility,  but  also  that  they  exclude  one  another,  so  that  one 
must  be  true  and  all  the  rest  false.     If  n  be  the  number  of  such 

h}^otheseSj  and  entire  belief  be  denoted  by  unity,  then  -  is  the 

quantity  of  belief  we  give  to  each   of  them.     Moreover,  if  we 

select  a  group  of  m  hypotheses  out  of  these  n,  the  quantity  of 

belief  which  we  give  to  the  complex  hj^othesis  that  some  one  of 

^ese  m  is  true,  is  the  sum  of  the  quantities  which  we  give  to 

m, 
each  of  them,  namely  — . 

2.  This  being  admitted  as  an  account  of  the  way  in  which  we 
actually  do  distribute  om-  belief  in  simple  cases,  the  whole  of  the 
subsequent  theory  follows  as  a  deduction  of  the  way  in  which 
we  must  distribute  it  in  complex  cases,  if  ice  icould  be  coimstent. 
And  as  equal  distribution  is  the  only  possible  (because  the  only 
intelligible)  law  in  the  case  of  hypotheses  about  which  we  have 
no  information,  so  the  laws  which  arc  deduced  from  it  as  appli- 
cable to  the  cases  in  which  we  have  some  information  (which  con- 
stitute the  complex  cases  occurring  in  practice),  are  also,  in  those 
cases,  the  only  possible  laws ;  since  any  other  mode  of  distribu- 
tion would  be  found,  when  completely  analysed,  to  rest  upon  a 
random  preference  of  one  hj-pothesis  to  another  about  which  we 
are  equally  ignorant.  AVe  must  therefore  either  accept  the  theory 
of  probabilities  ^-ith  all  its  developments,  or  we  must  abandon 
the  idea  of  getting  a  rational  belief  at  all  in  any  case  where  ab- 
solute knowledge  is  unattainable.  And  every  attempt  to  acquire 
such  a  rational  (as  distinct  from  a  raiulom)  belief,  is  an  attempt, 
however  unconscious,  rude  and  imperfect,  to  apply  the  princi- 
ples of  the  mathematical  theory. 

3.  Several  important  remarks  suggest  themselves  in  reference 
to  what  has  just  been  said.  And  first,  1  do  not  see  on  what 
ground  it  can  be  doubted  that  every  definite  state  of  belief  con- 
cerning a  proposed  hypothesis  is  in  itself  capable  of  being  repre- 
sented by  a  numerical  expression,  however  difficult  or  impracti- 
cable it  may  be  to  ascertain  its  actual  value.  It  would  be  very 
difficult  to  estimate  in  numbers  the  vis  viva  of  all  the  particles 
of  a  human  body  at  any  instant ;  but  no  one  doubts  that  it  is 
capable  of  numerical  expression.  I  mention  this  point,  because 
I  am  not  sure  that  Professor  Forbes  has  cUstinguished  the  diffi- 
culty of  ascertaining  numbers  in  certain  cases  from  a  supposed 
difficulty  of  expression  by  means  of  numbers.     The  former  diffi- 
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culty  is  real^  but  merely  relative  to  our  knowledge  and  skill ; 
the  latter,  if  real,  would  be  absolute,  and  inherent  in  the  subject- 
matter,  which  I  conceive  to  be  not  the  case.  (See  the  paper  in 
the  Philosophical  Magazine  for  December  1850,  arts,  6, 17, 18.) 

4.  Secondly,  it  is  of  course  familiar  to  all  who  have  thought 
or  read  modern  works  on  the  subject,  that  the  "  probability " 
which  is  estimated  numerically  means  merely  "  quantity  of 
belief,"  and  is  nothing  inherent  in  the  hypothesis  to  which  it 
refers.  It  is  therefore  always  relative  to  a  particular  state  of 
knowledge  or  ignorance ;  but  it  must  be  observed  that  it  is  ab- 
solute in  the  sense  of  not  being  relative  to  any  individual  mind ; 
since,  the  same  information  being  presupposed,  all  minds  ought 
to  distribute  their  belief  in  the  same  way.  It  is  to  be  regretted 
that  the  usual  terminology  of  the  subject  makes  it  almost  neces- 
sary to  i-epeat  this  othermse  superfluous  remark  at  the  beginning 
of  every  discussion.  Thus  it  is  usual  to  say  that  "certainty  is 
represented  by  1 ;"  where  what  is  (or  ought  to  be)  meant  is  that 
"entire  belief"  is  represented  by  1.  The  word  " certainty  " 
naturally  suggests  the  idea  of  the  absolute  truth  of  the  thing 
believed ;  whereas  people  very  often  "  entirely  believe  "  what  is 
not  true ;  and  this  state  of  belief  is  represented  (as  to  its  quan- 
tity) by  1,  just  as  correctly  as  where  the  thing  believed  is  abso- 
lutely true. 

5.  Thirdly,  it  is  to  be  observed  that  the  whole  theory  may  be 
truly  described,  in  a  certain  sense,  as  "knowledge  founded  upon 
ignorance;"  but  I  think  it  might  be  more  adequately  designated 
as  "  a  method  of  avoiding  the  erection  of  belief  upon  ignorance." 
I  make  this  observation  with  reference  to  a  remark  of  jMr.  Ellis^s 
(Philosophical  Magazine  for  November  1850,  p.  325),  concerning 
which  I  shall  have  more  to  say  hereafter.  At  present  it  will  not 
be  out  of  place  to  notice  briefly  the  nature  of  the  argument  com- 
monly called  the  "  sufficient  reason,"  the  true  character  of  wdiich 
appears  to  be  often  misconceived.  Its  force  in  all  cases  depends 
(as  it  seems  to  me)  upon  a  previous  assumption  that  an  intelligible 
law  exists  concerning  the  matter  in  question.  If  this  assumption 
be  admitted,  and  if  it  can  be  showu  that  there  is  only  one  intel- 
ligible law,  then  that  must  be  the  actual  law.  Thus  we  may 
argue  that  the  angles  at  the  base  of  an  isosceles  triangle  are  equal 
(not  because  there  is  no  reason  w^hy  one  should  be  greater  than 
the  other,  but),  because,  if  not,  no  intelligible  statement  could  be 
given  of  which  is  the  greater.  And  in  like  manner,  a  person  who 
should  dispute  the  propriety  of  dividing  our  belief  equally 
amongst  hypotheses  about  which  we  are  equally  ignorant,  ought 
to  be  refuted  by  asking  him  to  state  ichich  is  to  be  preferred. 
He  must  either  admit  the  proposed  law,  or  maintain  that  there 
is  no  law  at  all. 

2B  2 
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G.  For  convenience,  as  well  as  to  avoid  the  responsibility  of 
introducing;  new  termsi,  the  ordinary  language  will  be  generally 
used  in  the  rest  of  this  ])aper ;  it  being  understood  that  by  the 
"  jn'obability  "  of  a  hypothesis  is  meant  the  quantity  of  belief 
which  ought  to  be  given  to  it  by  a  })erson  in  a  determinate  state 
of  infurniation  respecting  it.  The  word  hypothesis  is  used  to 
denote  anytliing,  or  rather  any  proposition,  which  can  be  believed 
or  disbelieved ;  including,  of  course,  even  vnmeanin(j  projjositions, 
which  can  be  truly  believed  or  disbelieved  by  a  mind  which 
believes  that  they  have,  or  may  have,  a  meaning. 

7.  The  solutions  of  the  ordinary  direct  problems  of  probabi- 
lities must  always  be  made  to  depend,  more  or  less  explicitly, 
upon  the  theory  of  combinations ;  and  the  ordinary  processes 
are  sufficiently  satisfactory  in  such  cases.  But  in  the  treatment 
of  inverse  problems,  which  are  by  far  the  most  important  and 
frequent  in  practice,  1  think  that  considerable  advantage  might 
be  gained  by  the  introduction  of  the  following  ])reliminary 
theorem,  which,  if  it  ought  not  rather  to  be  called  an  axiom,  is 
certainly  as  evident  before  as  after  any  proof  which  can  be  given 
of  it. 

Theorem. — If  there  be  any  number  of  mutually  exclusive  hy- 
potheses, //j,  /^„  /ig  . . . ,  of  which  the  probabilities  relative  to  a 
particular  state  of  information  are  ;j,,  pc^,  p.^ .  . . ,  and  if  new  in- 
formation be  gained  Avhich  changes  the  probabilities  of  some  of 
them,  suppose  of  /i,n^i  and  all  that  follow,  ivitliout  Jtaring  other- 
wise any  reference  to  the  rest,  then  the  jn-obabilities  of  these  latter 
have  the  same  ratios  to  one  another,  after  the  new  information, 
that  they  had  before  ;  that  is, 

i^'i  -P'-.  -p'-s'  "  ■  ■p'm=Pi  -po  -.Ps  :  .  .  .  :p,n, 
where  the  accented  letters  denote  the  values  after  the  new  infor- 
mation has  been  acquired. 

The  most  important  case  of  this  theorem  is  the  following  : — 
If  there  be  n  hypotheses  Aj,  //g,  .  . .  //„,  which  in  a  certain  state 
of  information  arc  believed  to  be  exhaustire,  and  of  which  the 
probabilities  are  i\\(^\\  p^,  pc^,  .  .  .p„',  and  if  it  is  afterwards  dis- 
covered either  that  some  of  them  must  be  rejected  or  that  others 
must  be  ailmitted,  or  both,  without  any  further  information  as 
to  those  of  the  original  set  which  are  retained,  then  these  latter 
have  the  same  mutual  ratios  after  the  new  information  that  they 
had  before. 

By  means  of  these  theoi'cms,  1  think  that  we  may  not  only 
shorten  processes*,  and  avoid  the  necessity  of  constructions  by 

*  The  following  may  be  taken  as  an  example.  Let  there  be  two  hypo- 
theses A,  B,  which  are  believed  to  be  entirely  indejiendent,  and  of  which 
the  probabilities  relative  to  this  state  of  information  are  a,  b.     It  is  after- 
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means  of  balls^  dice,  kc,  but  also  are  enabled  to  keep  more 
clearly  in  view  the  connexion  between  first  principles  and  the 
forms  of  solution  in  complex  cases.  I  propose  now  to  illustrate 
their  use  by  deducing  fi-om  them  what  may  be  called  the  three 
fundamental  propositions  of  the  science. 

8.  Theorem  I. — IfV  be  the  probabilifi/  of  a  hi/pot/iesisil,  ajid 
p  the  probability  that  if  H  be  true  another  hypothesis  h  is  true ; 
then  the  probability  that  H  and  h  are  true  is  Pp. 

For  the  whole  quantity  of  belief  which  we  give  to  the  truth  of 
H  is  made  up  of  the  quantities  given  to  the  two  combinations 
H  true  and  h  true,  H  true  and  h  false.  The  sum  of  the  two 
latter  quantities  is  therefore  P,  and  their  ratio  is  the  same  as  it 
would  be  if  H  were  discovered  to  be  true,  namely,  p  :  1  —p. 
Hence  their  values  are  Pjo  and  P(l— yj). 

This  obviously  includes  the  case  in  which  H  and  h  are  entirely 
independent,  and  P,  p  their  respective  probabilities. 

Theorem  IT. — Let  Hj,  H.,, .  .  .  Iln  be  mutually  exclusive  and 
exhaustive  hypotheses,  tvhose  probabilities  {relative  to  a  certain  state 
of  information)  are  Pj,  P^,  .  •  .  P^.  And  let  pj  be  the  probability 
that  another  hypothesis  h  is  true  if  Hj  be  true.  If  it  be  afterv:ards 
discovered  that  h  is  true,  the  probability  of  H.  becomes 

V.p. 


SIP-;',) 

For  before  the  discovery  of  the  truth  of  h,  the  quantities  of 
belief  which  we  give  to  the  combinations  (H,,  h),  {]l^,h),  .  .  . 
(H^,/«)  arePiy^i,  Pa^Ai,  •  •  •  ?„/'„•  After  the  discovery,  all  other 
combinations  are  excluded ;  and  the  probabilities  of  these  com- 
binations retain  the  same  ratios  as  before,  but  their  sum  becomes 

wards  discovered  that  they  canuot  he  both  true,  uo  other  knowledge  being 
gained  about  either  of  them.    What  are  their  new  probabihties  ? 

Before  the  thscoven',  the  probabilities  of  the  four  (exclusive  and  exhaust- 
ive) h}i)otheses,  A  true  and  B  false,  A  false  and  B  true,  both  false,  both 
true,  were  respectively  fl(.l — b).hi\ — fl),(l — «)(!  —  b),  ab.  After  the  dis- 
cover)", the  last  hypothesis  is  excluded,  and  the  new  probabilities  (say  x,  y.  z) 
of  the  other  three  are  proportional  to  their  former  values;  but  their  sum 
being  now  ^1,  we  have 

a?       _       y ^  _      1 


a{\—b)      6(1— ff)      (1— fl)(l— i)       \-ab' 

where  x  and  y  are  obviously  the  new  probabilities  of  X  and  B.  If  it  vrere 
further  (hscovered  that  A  and  B  could  not  be  both  false,  we  should  then 
have 

X         y        1 

a{\—b)    ~  bil—a)"  a  +  b—2ab' 

(Compare  Prof.  De  Morgan's  paper  referred  to  below,  p.  27.) 
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equal  to  1 ;  whence  the  expression  given  above  follows  imme- 
diately. 

Theobem  III. — Let  H,,  Hg, .  .  .H^  be  mutually  exclusive  and 
exhaustive  hypotheses,  of  which  the  probabilities  relative  to  a  cer- 
tain state  of  i)ifur)itatiuii  are^y,  ^^  .  .  .  l\.  If  new  and  indepen- 
dent information  be  obtained,  in  consequence  of  uhich  their  proba- 
bilities loould  have  become  Pi,  Ps  •  •  •  p„,  supposing  them  to  have 
been  all  equal  at  first,  then  the  probability  of  Hj  actually  becomes 


For  first  suppose  the  new  information  to  have  reference  to  an 
independent  set  of  hypotheses  K,,  K^,  .  .  .  K„  with  a  priori  equal 
probabilities.  Then  the  probability  of  K.  becomes^.,  and  the 
probabilities  of  the  combinations  (Hj,  Kj),  (ll^,  Kg)  ....  become 
Pjjtj,,  Pg  jOgj  ■  •  •  P„J^-  Now  the  ratios  of  these  probabilities 
would  not  be  aiFected  by  the  discovery  that  (for  all  values  of  i) 
H.  and  K.  umtually  imply  one  another,  so  as  to  amount  to  the 
same  hypothesis;  but  then,  all  other  combinations  being  ex- 
cluded, the  sum  of  the  probabilities  in  question  would  become  1, 
whence  the  theorem  follows  immediately. 

A  slight  consideration  of  the  form  of  the  expression  thus 
arrived  at  will  suffice  to  establish  a  more  general  theorem,  which 
may  be  thus  stated : — 

Theorem  IV. — Let  Hj,  Hg,  . . .  Hn  be  mutually  exclusive  and 
exhaustive  hypotheses,  of  which  the  k  priori  probabilities  are  equal. 
If  information  be  obtained  from  several  independent  sources,  which, 
considered  separately,  would  give  respectively  pj,  qL>  •  . .  Vj,  for  the 
probability  o/Hj,  then  the  actual  probability  of\{.^  is 


X{p.q....v.) 

9.  The  theorems  just  established  have  their  most  important 
applications  in  the  theory  of  the  combination  of  observations, 
and  generally  in  the  solution  of  problems  respecting  the  infer- 
ences drawn  from  phsenomena.  1  shall  proceed  to  discuss  a  few 
miscellaneous  examples,  chosen  with  a  view  to  exhibit  the  accord- 
ance between  the  results  of  the  theory  and  the  conclusions  of 

*  The  reasoning  in  the  te.\t  may  be  compared  with  that  employed  by 
Prof.  De  Morgan  in  his  pa])er  "  On  the  Structure  of  the  Syllogism,"  &c. 
(Canil).  Phil.  Trans.,  vol.  viii.  part  3.)  See  ])articularly  i)p.  2(5,  2/.  With 
respect  to  whatever  corres])on(lence  may  be  considered  to  exist  between 
that  paper  and  the  i)resent  essay,  it  will  I  think  be  sufficient  to  say,  that 
the  a))ove  mode  of  treating  the  subject  was  familiar  to  me  before  I  saw  the 
memoii"  in  question. 
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"  common  sense/^  This  accordance  is  nowhere  more  conspicuous 
than  in  those  cases  in  which  a  n ume)-ica I  vesnlt  cannot  be  obtained 
with  certainty,  from  the  difficulty  of  assigning  the  actual  values 
of  the  quantities  which  appear  in  the  formulae.  It  becomes 
apparent  in  such  instances  from  a  consideration  of  the  forms  of 
the  expressions,  and  of  the  eflfects  of  supposed  variation  in  the 
quantities  involved  in  them,  and  particularly  from  an  examination 
of  extreme  cases.  And  the  comparative  conclusions  which  can 
be  thus  arrived  at  are  probably  quite  as  useful  and  instructive 
as  any  absolute  result  would  be,  supposing  it  attainable. 

10.  Let  us  fii'st  observe,  that  though  there  is  no  such  thina: 
as  chance,  that  is,  occurrence  of  events  without  any  cause,  there 
is  such  a  thing  as  accident,  that  is,  occurrence  of  events  from  causes 
not  connected  with  some  supposed  plan  or  design.  If  I  an-ange 
my  books  with  reference  solely  to  their  size,  their  arrangement 
as  to  subjects  will  be  accidental.  Not  that  it  will  be  determined 
without  cause ;  but,  on  the  conti'ary,  by  a  complex  system  and 
seqaence  of  causes.  Since,  however,  we  have  no  means  of  tra- 
cing this  sequence,  we  give  up  the  attempt  as  hopeless,  and  look 
upon  the  supposed  occm-rence  of  all  the  possible  arrangements 
as  exhaustive  h^-potheses  about  which  we  know  nothing  more, 
so  long  as  we  do  not  know  what  the  actual  arrangement  is. 

11.  Now  suppose  I  go  into  a  room  and  see  a  number  of  balls 
laid  on  a  table,  and  disposed  in  some  regidar  figui'e,  say  a  circle. 
Somebody  must  have  put  them  there.  But  was  it  part  of  his 
intention  to  place  them  in  a  circle,  or  did  he  merely  mean  to  lay 
them  on  the  table,  without  intending  any  particular  arrangement  ? 
In  the  latter  case  the  circular  disposition  would  be  accidental. 
"  Common  sense,"  however,  suggests  an  irresistible  conviction 
that  it  was  intentional.  What  is  the  accoxmt  of  this  conviction  ? 
Is  it  enough  to  say  that  the  mind  is  "impatient  of  causeless 
phsenomena  ?'^  I  think  not;  because  the  mind  is  sm-ely  qidte 
as  impatient  of  an  irregular  or  complex  causeless  phsenomenou, 
as  of  a  regular  or  simple  one.  It  woidd  be  tmer  to  say  that  the 
mind  refers  a  simple  ph^enomenon  to  a  simple  cause  (such  as 
design),  and  a  complex  phsenomenon  to  a  complex  system  of 
causes  (such  as  accident) ;  and  this  woidd  perhaps  be  a  sufficient 
'^'^ common  sense"  explanation.  Let  us  see  how  far  it  is  in  ac- 
cordance with  the  mathematical  theory. 

Let  a  be  the  «  priori  probability  that  the  obsened  arrange- 
ment would  occm*  by  accident.  This  is  of  com*se  the  same, 
whether  that  an-angement  be  regular  or  not.  Let  d  be  the 
a  priori  probability  that  the  person  who  placed  the  balls  on  the 
table  designed  some  arrangement ;  and  let  r  be  the  probability 
that  if  he  did,  he  would  design  some  regular  arrangement. 
Finally,  let  p  be  the  probability  that  if  he  designed  a  regular 
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avrangcnient,  luMvoiild  choose  that  particular  arrangcnicut  wliich 
is  obscncd.  Then  it'  wc  put  D  tor  the  a  posteriori  probabihty 
(resulting  from  the  observed  phrenomenon)  that  the  arrangement 
was  designed,  we  have,  by  Theorem  Tl., 


D  = 


(Irj) 


drp+{l—d)a' 

(It  is  as  well  to  observe  that  the  two  ways  in  which  the  ])h?eno- 
menon  might  be  jn'oduced  have  for  their  a  priori  probabilities 
(Irp,  {l—d)a ;  and  the  three  ways  in  which  it  might  fail,  dr{l  —p), 
d{l  —  i-),  {l—d){l—(t);  and  the  sum  of  these  live  expressions 
is  1,  as  it  ought  to  be.) 

1.2.  In  examining  the  above  expression  for  D,  let  us  first 
assign  a  value  to  d.  If  we  have  no  knowledge  befoieliand  as  to 
whether  the  person  who  placed  the  balls  would  be  likely  to  intend 

some  arrangement  or  not,  then  d=  -,  and  the  valnc  of  D  may  be 

written 


1+- 

7p 


in  M  hich  we  observe  that  the  ratio  —  is  necessarily  ver?/  small. 

For^  ;•  being  the  probability  that  a  person  designing  5o/?ie  arrange- 
ment would  clioose  a  rpgu/ar  one,  nmst  be  taken  to  be  nearly  1, 

or  at  all  events  greater  than  -.     And  p,  the  probability  of  his 

choosing  a  given  regidar  arrangement  out  of  all  possible  regular 
arrangements,  is  greater  than  a  in  the  same  ratio  that  the  whole 
number  of  possil)lc  arrangements  is  greater  than  the  whole  nmn- 
ber  of  regular  arrangements ;  a  ratio  of  which  both  the  terms 
are  infinite,  but  v;hieh  must  certainly  be  very  great,  if  not  itself 
iniinite.  If  it  were  absolutely  iniinite,  we  should  have  D  =  l; 
and  it  is  unquestionably  great  enough  to  make  the  value  of  D 
sensihlij  equal  to  1.  Thus  the  mathematical  investigation  leads, 
equally  with  connnon  sense,  to  a  moral  certaiatij  that  the  arrange- 
ment was  designed. 

13.  The  i-olution  of  such  problems  as  that  which  we  have  just 
considered,  always  invohes,  in  its  expression,  the  values  of  a  priori 
pi-obabilities;  that  is,  ])robabilities  derived  from  information 
which  wc  possess  antecedently  to  the  observation  of  the  phseno- 
menon  considered.  Now  since  every  hypothesis  has  a  determi- 
nate probability  corresponding  to  a  determinate  state  of  infor- 
mation, and  since  I  must  be  in  a  determinate  state  of  infonnation 
with  respect  to  any  proposed  hypothesis,  it  follows  that  the  values 
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of  these  a  priori  probabilities  must  be,  for  me,  determinate ;  and 
that  the  sohition  of  tiie  problem  obtained  as  in  art.  11  is,  for 
me,  the  true  solution.  But  then  the  question  anses,  "What  is  the 
meaning  of  the  well-known  processes  vrhich  are  applied  on  the 
supposition  of  one  or  more  of  the  values  in  question  being  wholly 
or  partially  unknown  ?  It  cannot,  or  at  least  ought  not,  to  be 
implied,  that  any  hypothesis  has  an  inherent  a  priori  probahility 
which  can  be  conceived  to  be  known  with  different  degrees  of 
precision.  But  it  is  to  be  observed,  that  a  quantity,  though  de- 
terminate, may  be  unkno\\'n  to  a  person  who  either  has  not  per- 
formed, or  has  not  skill  enough  to  perform,  the  calculations 
necessary  for  ascertaining  its  value.  And  in  this  case  his  know- 
ledge of  it  admits  of  all  degrees,  from  absolute  inability  to  give 
a  preference  to  any  one  of  its  possible  values  over  any  other,  to  an 
approximation  accompanied  by  any  amount  of  belief  as  to  its  pre- 
cision. ^Ve  have,  then,  this  intelligible  answer  to  the  question  sug- 
gested above  ;  namely,  that  in  employing  the  methods  alluded  to, 
we  meet  the  case  in  which  the  a  »/7'o?v' pi-obabilities  involved  in  the 
problem  have  not  been  actually  calculated,  h\  introducing  the 
expression  of  our  belief  as  to  the  result  of  the  calculation,  sup- 
posing it  performed.  But  there  is  also  another  intelligible 
answer  which  I  conceive  applies  to  some  cases.  Although  the 
value  of  a  probability  relative  to  my  particular  state  of  informa- 
tion may  be  not  only  determinate  (as  it  always  is),  but  known  (as 
it  often  is  not),  I  mav  wish  to  introduce  into  the  solution  of  the 
problem  the  value  which  it  icoidd  have  if  I  vrere  in  some  other 
state  of  information ;  and  this  value  may  be  the  subject  of  belief 
differing,  as  in  the  former  case,  in  any  degree  from  precise 
knowledge. 

14.  With  reference  to  the  iirst  of  the  two  cases  just  men- 
tioned, it  must  be  noticed  that  the  admission  that  a  hypothesis 
may  be  presented  to  my  mind,  witliout  my  therefore  calculating 
(or  being  able  to  calculate)  its  probability,  by  no  means  amomits 
to  an  admission  that  I  am  not  put  into  a  definite  state  of  belief 
respecting  it.  Take,  for  instance,  the  extreme  case  in  which  I 
cannot  even  guess  at  what  the  result  of  the  calculation  v>ould be  : 
then  the  probability  that  it  would  turn  out  to  lie  between  jo  and 

p-rdj)  is  -^y— ,  that  is,  simply  dp;  and  since  the  probability  of 

the  h^"}Dothesis  proposed  would  in  that  case  be p,  it  follov.s  that 
the  quantity  of  belief  which  I  give  to  the  compound  supposition, 
that  the  result  of  the  calculation  would  be  as  above,  and  that  the 
proposed  h^-ioothesis  is  true,  is  represented  by  pdp ;  and  there- 
fore the  whole  belief  vrhich  I  give  to  the  truth  of  the  hjiDothesis 

h  J  pf/p=  -,  which  completely  agrees  with  common  sense.     In 
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like  manner,  if  I  am  able  to  assign  an  approximate  value  Pq  of  p, 
with  a  belief,  as  to  the  precision  of  my  approximation,  expressed 
by  (f>(p) ;  where  <^{p)  is  a  maximum  for  p^spo,  and  (f>{p)dp  is 
my  belief  that  the  true  value  would  turn  out  to  lie  between  p 

smdp  +  dp,  (f>{p)  satisfying  of  course  the  condition  f  (f){p)dp=l ; 
then  the  belief  which  I  actually  give  to  the  truth  of  the  hypo- 
thesis is  f  p(f){p)dp.     This  might  be  called  its />?'oymortfl/^;*o6a- 

bility.  It  expresses  also,  according  to  a  well-known  use  of  the 
term,  my  expectation  of  the  value  of  p  (as  distinguished  from  its 
most  probable  value,  which  is  my  original  approximation  ^q). 
Similar  considerations  apply  to  the  second  case  mentioned  in 
art.  13,  which  it  woidd  be  useless  to  repeat  in  detail,  after  what 
has  just  been  said. 

15.  Let  us,  for  distinction,  call  the  "delinitive"  value  of  a 
probability,  relative  to  a  particular  state  of  information,  that 
value  which  would  be  obtained  if  all  the  necessary  calculations 
were  actually  performed ;  while  any  value  adopted,  as  ex])lained 
in  the  last  article,  uithovt  the  performance  of  these  calculations, 
may  be  called  a  ''  provisional "  value.  It  is  obvious  that  the 
"  definitive  "  value  of  an  a  priori  probability  cannot  be  altered 
by  any  fresh  information,  or  even  by  the  discoveiy  of  the  truth 
or  falsehood  of  the  hypothesis  to  which  it  refers.  For  the  new 
probability  so  obtained  has  reference  to  a  new  state  of  information, 
and  has  nothing  to  do  with  the  quantity  of  belief  appropriate  to 
the  former  state.  But  the  provisional  value  may  be  altered  by 
new  information  ;  that  is,  the  knowledge  which  we  gain  in  a  new 
state  of  information  may  alter  our  estimate  of  what  icould  have 
turned  out  to  be  the  quantity  of  belief  appropriate  to  a  former 
state,  if  the  calculation  had  been  performed.  And  it  is  to  be 
remembered  that  the  employment  of  new  information  to  improve 
oui'  provisional  estimate  of  the  a  priori  probability  of  a  hv'pothesis, 
is  a  totally  different  thing  from  the  employment  of  it  to  obtain 
an  a  posteriori  probability  of  the  same  hypothesis.  These  di- 
stinctions arc  very  important ;  and  as  I  am  not  sure  that  they 
are  so  generally  understood  as  it  appears  to  me  that  they  ought 
to  be,  I  shall  illustrate  them  by  an  example  which  will  suffi- 
ciently represent  any  problem  of  the  class  now  considered. 

16.  An  event  E  has  been  observed,  which  can  only  have  re- 
sulted from  some  one  or  other  of  the  causes  C,  C,  .  . .  of  which 
any  one  would  necessarily  produce  it,  and  no  two  coidd  coexist. 
It  is  required  to  assign  the  probability  that  it  has  resulted  from 
C  ;  it  being  knowni  that  the  probability  (before  the  event)  that 
C  existed,  would  be  r/  if  a  certain  hv-])othesis  H  were  true,  and  b 
if  it  were  false ;  whilst  the  ])robability  that  some  one  of  the  other 
causes  existed  would  be  a  if  H  were  true,  and  /3  if  it  were  false. 
Let  p  be  the  a  priori  probability  of  H  j  then  the  required  a  pos- 
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teriori  probability  of  the  existence  of  C  is 

pa-\-{\-p)b  ,p. 

p{a  +  c.)-i-{l-p){b  +  l3) ^   -^ 

Let  us  suppose  that  a,  b,  a,  /3  are  definitively  known.  Then 
if  p  were  detinitively  known,  this  expression  would  be  the  com- 
plete solution  of  the  problem.  But  if  p  be  not  dehuitively 
known,  it  only  informs  us  w  hat  would  be  the  solution,  supposing 
any  proposed  value  oi  p  were  the  true  one. 

17.  Now  if  we  have  obtained,  no  matter  how*,  so  much  know- 
ledge oi p,  that  4>{p)c/p  expresses  the  quantity  of  our  belief  that 
its  detinitive  value  is  betw^een^  andp  +  dp,  then  (14.)  our  ''pro- 
visionaP-*  value  oi p  isrp^{p)dp,  which  we  will  denote  by  ■or. 
Hence,  writing  the  expression  (P),  as  we  obviously  may,  in  the 

fomi  — (where  k,  I,  m  are  given  quantities),  we  may  substi- 
tute the  provisional  value  ot  for  p,  and  obtain 

k'U7-\-l  ,j-  . 

i!T  +  m ^  '' 

as  the  solution  of  the  problem. 

But,  on  the  other  hand,  we  may  reason  as  follows : — The 
product 

i>ip)—, — dp 

expresses  the  quantity  of  our  belief  that  the  value  oi  p  is  between 
p  and  p  + dp,  and  that  C  was  the  cause  of  the  event  E.     Hence 

expresses  our  whole  belief  in  the  existence  of  C,  and  is  the  solu- 
tion of  the  problem. 

It  is  by  no  means  obvious  at  first  sight  which  of  these  expres- 
sions (I.),  (II.)  ought  to  be  preferred,  or  what  is  the  difference 
of  principle  involved  in  the  processes  by  w'liich  they  were  ob- 
tained. But  a  little  consideration  will  show  that  (II.)  expresses 
a  real  provisional  solution  ;  that  is,  it  expresses  our  belief  in  the 
existence  of  C,  influenced  bij  the  consideration  that  we  do  not  possess 
a  definitive  knowledge  of  p.  Whereas  (I.)  expresses  a  solution 
obtained  by  treating  a  provisional  value  of  p  as  if  it  were  definitive ; 
or  it  is  what  would  be  the  detiuitive  solution  of  the  problem  to 

*  The  reader  will  not  sup]iose  that  I  omit  any  discussion  of  the  possibi- 
lity or  mode  of  assigning  the  form  of  the  fimction  9  because  I  consider  it 
a  subject  not  requiring  thscussion,  but  it  T\ould  be  iiTclevaut  to  my  imme- 
diate pm-pose. 


/ 


364;  Vvoi'.  Donkin  on  certain  Questions  relating  to 

a  person  whose  state  of  iiifoniiatioii  (antecedently  to  the  event  E) 
was  such  that  w  was  to  liim  the  dejinitire  a  priori  probability  of 
H.  Thus  it  is  the  expression  (II.)  which  is  right  in  princij)le, 
though  it  hapjiens,  remarkably,  that  (I.)  is  right  in  result,  as  we 
shall  see  inunecliately. 

18.  For  it  must  be  observed  that  both  processes  are  defective 
in  this  respect,  that  they  do  not  make  use  of  the  observed  event  E 
to  improve  our  provisional  value  of  \> ;  that  is,  to  get  a  better  ap- 
proximation to  the  true  value  oi  j),  calculated  antecedently  to  the 
event.  In  order  to  do  this  we  observe  that  <^{p)dp  expressing 
our  antecedent  belief  that  the  value  in  question  lies  between  p 
m\(\.p-\-dp,  the  antecedent  probability  that  it  does  He  within 
those  limits  and  that  the  event  w'ill  hap])en  is 

{p{a  +  u)  +  [\-2j){b  +  ^)]<l>{p)dp; 

whence  the  probability  after  the  event  the  true  value  of  p  lies 
between/*  dcniXji  +  dp  is  this  expression  divided  by  the  sum  of  its 
values  for  all  values  oi  p  (betwe^i  0  and  1)  separated  by  inter- 
vals equal  to  dp.     The  integration  gives  (17.) 

t:r(^  +  a)  +  (l— 5y)(//  +  /3)  ; 
and  thus 

is  the  expression  of  our  belief,  influenced  by  the  event,  that  the 
value  oi p,  calculated  before  the  event,  would  have  turned  out  to 
lie  between  p  and  p  +  dp.  We  might  from  this  expression  obtain 
a  new  provisional  value  of  p  corrected  by  the  event.  But  if  we 
proceeded  to  substitute  this  ioi-  p  in  (P.),  art.  16,  we  should  again 
commit  the  fallacy  of  treating  a  provisional  value  as  if  it  were 
deiinitive.  Instead  of  this,  therefore,  w^e  take  the  product  of  (^.) 
and  (P.),  namely, 

{pa-V{\-p)b]<l>{p)dp 
t!r(a  +  a)  +  (I -t^)  (6  4-/3)' 

which  is  the  expression  of  our  belief,  after  the  event,  that  the 
true  value  of  y;,  antecedently  to  the  event,  w^as  between  p  and 
p  +  dp,  and  that  the  cause  C  exists ;  and  integrating  this  from 
^  =  0  to/>  =  l,  we  get  the  expression  of  our  whole  a  posteriori 
belief  that  C  exists,  namely, 

■csa-\-{\—at)b                     kzs  +  l 
-PT.     or    : 


B7(a  +  «)  +  (l-'2^)(6  +  /5) 

and  this  is  the  best  solution  of  w'hich  the  problem  admits,  so 
long  as  we  do  not  calculate  the  deiinitive  value  oi  p.  iMorcover, 
since  it  is  obtained  by  taking  the  sum  of  the  values  of  (P.),  each 
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multiplied  respectively  by  the  quantity  of  our  actual  belief  that 
it  is  the  right  value,  the  above  expression  may  also  be  called  our 
expectation  of  the  value  of  (P.).  And  since  Ave  see,  as  before 
remarked,  that  it  coincides  \\'\i\\  the  expression  (I.),  art.  17,  we 
get  this  theorem ;  that  our  expectation  of  the  value  of  (P.),  cor- 
rected by  the  influence  of  the  event  upon  the  form  of  the  func- 
tion ^,  is  the  same  as  the  definitive  value  of  (P.)  would  be  if  our 
uncorrected  expectation  ot  of  the  value  of  p  were  its  definitiAe 
value.  This  theorem,  which  could  not,  I  conceive,  be  assumed 
a  priori,  might  be  used  to  abridge  many  processes ;  and  it  might 
probably  be  shown  that  an  analogous  theorem  subsists  for  every 
IJroblem  involving  a  priori  probabilities  among  its  data. 

19.  In  order,  however,  to  illustrate  still  further  the  subject 
under  discussion,  let  us  return  to  the  suppositions  of  art.  16, 
and  inquire  what  is  the  a  posteriori  value  of  p ;  in  other  words, 
Avhat  is  our  belief,  after  the  event,  that  the  hypothesis  H  is  true. 
If  we  represent  by  p,  as  before,  the  definitive  «  priori  value  of 
the  probability  that  II  is  true,  then  the  a  posteriori  probabiHty 
in  question  is  easily  seen  to  be 

p[„+c.)-\-{\-p)[h+^y 

but  if  we  do  not  possess  a  definitive  value  of  p,  we  may  apply 
exactly  the  same  reasoning  as  in  the  former  case,  and  the  solution 
of  the  problem  will  be  obtained  by  substituting  ■nr  for  p  in  the 
expression  just  wi'itten.  I  bave  introduced  this  addition  to  the 
problem  of  art.  1 6,  for  the  sake  of  pointing  out  the  fallacy  of  a 
process  which  might,  at  first  sight,  appear  as  legitimate  as  that 
which  has  just  been  employed.  It  might  seem,  namely,  that 
we  are  at  liberty  to  introduce  in  tlie  expression  (P.),  art.  16,  the 
value  obtained  in  this  article  for  the  probability  of  H,  as  an  im- 
proved value  oi p.  But  this  would  be  to  confound  an  a  priori 
with  an  a  posteriori  probability,  and  would  obviously  be  arguing 
in  a  circle.  (In  fact,  if  the  substitution  were  allovxable  at  all,  it 
might  be  made  successively  an  indefinite  number  of  times,  which 
is  easily  showni  to  lead  to  an  absurd  result.)  It  confounds  our 
belief,  after  the  event,  of  the  truth  of  H,  with  our  belief,  after 
the  event,  of  irhat  icoukl  have  been  our  belief  of  H  before  the 
event,  if  certain  calculations  had  been  completely  made  which 
have  not  been  completely  made.  These  are  two  totally  different 
probabilities,  though  both  are  affected  by  the  event ;  the  former 
necessarily,  the  latter  only  because  of  the  defect  of  calculation. 

20.  I  trust  I  may  be  excused  for  devoting  so  much  space  to 
the  discussion  of  processes  so  well  known,  on  the  ground  that 
there  may  possibly  be  x'eaders  to  whom  processes  are  more  fami- 
liar than  principles ;  and  that  so  long  as  any  shadow  of  obscu- 
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rity  is  allowed  to  rest  upon  principles,  there  can  be  little  hope  of 
a  settlement  of  any  controverted  question.  I  now  proceed  briefly 
to  exaninie  one  or  two  other  problems  suggested  by  Professor 
Foi-bes's  paj)er.  And  first  let  us  see  what  account  the  mathe- 
matical theory  can  give  of  the  impression  which  would  be  made 
on  a  person's  mind  by  seeing  several  pieces  jilaced  in  a  particular 
situation  on  a  chess-board. 

21.  We  will  state  the  problem  as  follows: — A  person  who 
understands  the  game  sees  a  certain  number  of  pieces  placed  in 
a  particular  situation  on  the  board.  ^Vhat  are  to  him  the  respect- 
ive probabilities, — (1),  that  the  situation  was  actually  produced 
by  a  game ;  (2),  that  it  was  produced  by  some  one  who  (ignorant 
of  the  game)  designed  that  situation ;  or  (3),  that  the  situation 
was  accidental  (that  is,  that  the  person  who  placed  the  pieces 
on  the  board  did  not  intend  to  produce  any  particular  arrangement 
of  them)  ?  Let  it  be  supposed,  for  simplicity,  that  only  two  hy- 
potheses are  admissible ;  namely,  that  a  game  has  been  (wholly 
or  partly)  played,  and  the  pieces  left  undisturbed ;  or  that  the 
pieces  were  placed  by  some  one  who  could  have  no  reference  to 
the  rules  of  the  game  in  placing  them,  say  by  a  child  playing 
with  them.  Then  let  ff  be  the  a  priori  probability  that  di  game 
icould  be  plaijed;  and  (omitting  the  words  a  priori)  let  p  be  the 
probability  that  in  any  one  game  the  observed  situation  would 
occur. 

Further,  let  us  suppose  that  the  situation  is  not  one  of  check- 
mate, and  that  nothing  but  an  accidental  interruption  would 
have  caused  the  game  to  stop  short.  And  let  i  be  the  probability 
that  an  interruption  would  occur  at  any  specified  move.  Also  let 
c  be  the  probability  that  a  child  would  play  with  the  pieces  and 
place  them  on  the  board. 

h  the  probability  that,  if  so,  he  would  design  some  arrangement. 

s  the  probability  that  in  that  case  he  would  choose  the  ob- 
sen'ed  situation  and  number  of  the  pieces. 

a  the  probability  that  if  he  did  not  design  any  situation  he 
would  have  chosen  the  observed  number  of  pieces,  and  that  the 
situation  would  result  from  accident.  Then  if  we  put  G,  D,  A 
for  the  a  posteriori  probabilities  of  the  hypotheses  (1.),  (2.),  (3.) 
above  mentioned,  we  have 


where 


2  =  /7joi  +  c(&+(l-S)«). 

22.  It  will  be  sufficient  to  examine  one  of  these  expressions, 
say  the  first  of  them.  The  values  o(  g  and  c  would  depend  upon 
the  knowledge  possessed  by  the  person  supposed,  as  to  the  inha- 
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bitants  of  the  liouse  in  wliicli  the  chess-board  was  seen,  and  their 
habits.     Suppose  him  wholly  ignorant  of  these  particulars,  then 

we  may  put  g=  „  ^^^  ^~  o'    ^^^  ^^  ^^^°  assume  S  =  .^-    With 

respect  to  i,  a  person  ignorant  of  the  circumstances  of  the  house- 
hold must  use  his  belief,  derived  from  general  experience,  that 
an  inten-uption  will  occur  within  any  specified  period  equal  to 
the  average  duration  of  a  move  at  chess  ;  recoUectmg  to  avoid  the 
fallacy  of  substituting  for  this  his  a  posteriori  belief  that  an  in- 
terruption did  occur  in  this  case.  The  value  of  /  \\"ill  then  cer- 
tainly be  small. 

His  estimate  of^;  depends  upon  his  knowledge  of  the  game; 
if  all  possible  situations  were  equally  probable,  it  would  hardly  be 
impracticable  to  assign  its  numerical  value,     s  will  depend  upon 

s 
the  character  of  the  obsen'ed  arrangement :  and  the  ratio  -  will 

a 

be  veiy  large  if  the  arrangement  be  symmetrical  or  in  any  way 

remarkable,  but  ^^-ill  approach  to  unity  if  the  arrangement  be 

ii'regular.     Then  we  have 

dpi 

and  we  obsene  that  if  the  arrangement  be  an  irregular  one,  but 

much  more  likely  to  have  occurred  in  a  game  than  to  have  resulted 

a  s 

from  either  choice  or  accident,  then  —  and  -  are  both  very  small, 

.  .    P         P      .  . 

and  the  value  of  G  vdW  differ  little  from  vmity,  unless  i  be  a 

quantity  of  the  same  order  as  these  ratios.  This  agrees  entu*ely 
^"ith  common  sense ;  for  our  judgement  must  depend  upon  a 
comparison  of  the  situation  with  the  credibility  of  an  interruption 
occurring.  If  we  take  the  extreme  case,  and  suppose  an  inter- 
ruption impossible,  then  f=0  and  G  =  0;  that  is,  the  situation 
not  being  checkmate,  the  probabilitv'  of  its  occuiTcnce  in  a  game 
would  have  no  effect  in  making  us  believe  that  a  game  had  been 
played. 

On  the  other  hand,  if  we  suppose  the  situation  such  as  could 
not  occm-  in  a  game,  then  j9  =  0  and  G  =  0.     If,  again,  the  situa- 

s 
tion  be  symmetrical,  and  unlikely  to  occiu"  in  a  game,  then  —is 

large,  and  G  is  nearly  equal  to  0,  as  it  ought  to  be. 

23.  If  we  suppose  the  situation  to  be  checkmate,  then  the  ex- 
pression for  G  becomes 

l-i'^'p-'- 
^P 
in  which  i'  represents  the  «  priori  probabiHty  that  the  players 
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would  be  interrupted  at  some  move  before  the  end  of  the  game. 
It  would  oceupy  too  much  space  to  investigate  (as  we  easily 
might)  the  connexion  between  z'  and  i.     It  is  enough  to  say  that 

i'  will  be  greater  than  i,  but  at  least  not  greater  than  -.    p  is 

now  the  a  priori  probability  that  a  given  game  would  end  with 
the  observed  checkmate,  and  will  generally  (not  necessarily)  be 
greater  than  the  value  of;;  in  the  former  case.  It  must  be  small, 
though  it  can  never  =0.  If  the  arrangement  be  in-eyular,  but 
a  common  case  of  checkmate,  then,  a  being  always  small,  we  have 

o 

-also  small,  and  G  very  nearly  =1.  If  the  arrangement  be 
symmetrical,  or  remarkable  in  any  way,  and  at  the  same  time  an 

uncommon  checkmate,  then  -  is  larse  and  G  is  small. 

P 
24.  We  might  pursue  this  problem  much  further  into  detail ; 

but  I  hope  it  has  sufficiently  appeared  that  "  the  science  of  num- 
bers "  does  not  refuse  "  its  aid  to  estimate  the  arithmetical  force 
of  such  arguments,"  if  the  assertion  of  such  refusal  be  meant  to 
imply  either  an  inaptitude  in  numbers  to  express  the  quantity  of 
our  belief,  or  an  inaptitude  in  symbolical  forms  to  cx])ress  the 
laws  according  to  which  our  belief  is  determined  by  phenomena. 
I  must  defer  to  a  future  occasion  some  further  illustration  of  the 
agreement  between  the  mathematical  theory  of  probabilities  and 
common  sense,  together  with  an  examination  of  the  mode  of  ap- 
l)lying  the  precedmg  principles  to  the  question  of  the  grouping 
of  stars ;  to  which  1  hope  to  add  a  brief  inquiry  into  the  validity 
of  the  method  of  least  squares.  At  present  I  will  only  add  in 
conclusion,  that  the  most  important  general  result  of  the  inves- 
tigation, so  far  as  it  has  been  here  carried,  is  this  :  that  the  pro- 
babilities of  causes,  estimated  a  posteriori,  will  always  depend, 
not  upon  the  absolute  values  of  a  priori  probabilities,  but  upon 
their  comparative  values,  or  the  ratios  which  they  bear  to  one 
another ;  which  ratios  may  be  finite  and  determinate,  although 
their  terms,  taken  separately,  may  be  infinitely  small. 
Oxford,  Jau.  23,  1851. 


XLVIII.  On  the  Chemical  Action  of  Light.  By  John  W.  Draper, 
M.D.,  Professor  of  Chemistrt/  and  Physiohxpj  in  the  University 
of  New  lorA*. 

THE  general  discussion  of  the  problem  of  the  chemical  action 
of  a  ray  of  light  involves  the  following  considerations  : — 
1 .  In  what  manner  does  the  ray  act,  and  what  are  the  changes 
it  imdergoes  ? 

*  Communicated  bv  the  Author. 
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2.  What  is  tlie  nature  of  the  impression  made  on  the  material 
group,  the  decomposition  of  which  ensues  ? 

These  queries  are  of  course  connected  with  our  theoretical 
views  of  the  nature  of  lijrht,  and  of  radiations  generally. 

There  are  many  facts,  such  as  those  to  which  attention  has 
been  directed  in  the  Philosophical  ^lagazine  (February  1848), 
which  justify  the  supposition  that  the  parts  of  all  material  sub- 
stances are  in  a  state  of  incessant  vibration.  To  each  particular 
themiometrie  degree  there  belongs  a  particular  frequency  of  vi- 
bration. As  soon  as  these  motions  approach  fom-  hundi-ed  bil- 
lions in  a  second,  a  red  light  is  emittecb  and  the  temperature  is 
near  1000°  F.  As  the  frequency  increases,  rays  of  a  higher 
refrangibility  are  in  succession  evolved,  and  the  temperature  cor- 
respondingly rises.  On  the  other  hand,  when  these  oscillatory 
movements  decline,  the  temperature  of  the  body  falls. 

These  principles  lead  to  a  ready  explanation  of  the  nature  of 
the  exchanges  of  heat,  and  the  cause  of  the  equilibrium  of  tem- 
perature. The  vibratory  molecular  motions  are  necessarily  pro- 
pagated to  the  ?ether,  through  which  medium  they  are  again 
transferred  to  the  particles  of  other  bodies,  on  which  the  rethereal 
waves  impinge ;  as  a  vibrating  string  excites  undulations  in  the 
air,  and  these  in  their  turn  can  give  birth  to  analogous  motions 
in  other  strings  at  a  distance. 

There  is  an  analog)'  between  the  relations  of  a  hot  and  cold 
body  and  those  of  two  strings,  one  of  which  is  emitting  a  musical 
sound,  and  compelling  the  other  to  execute  synchronous  move- 
ments. The  fether  in  one  case,  and  the  air  in  the  other,  are  the 
media  through  which  these  motions  pass. 

Equilibrimn  of  temperature  takes  place  when  the  molecules  of 
the  substances  concerned  are  in  s^mchronous  and  equal  vibration. 
A  hot  body,  in  presence  of  a  cold  one,  compels  the  latter  to  hasten 
its  rate  of  motion,  its  own  rate  all  the  time  declhiiug ;  and  this 
continues  until  both  have  the  same  frequency ;  then  equilibrium 
of  temperature  results.  The  theory  of  the  exchanges  of  heat  is 
therefore  only  an  expression  for  the  exchange  of  vibrations  thi'ough 
the  ffither. 

But  temperatm-e  in  thermotics  is  the  equivalent  term  for  bril- 
liancy in  optics.  Both  refer  to  compound  qualities,  depending 
not  only  on  frequency  of  vibration,  but  also  on  its  amplitude.  As 
the  degree  of  heat  of  a  mass  rises,  it  expands ;  the  increase  in  its 
volume  indicating,  that  not  only  do  the  parts  vibrate  more  swiftly, 
but  also  that  their  individual  excursions  are  increased.  It  fol- 
lows, therefore,  that  eveiy  mass  will  have  a  determinate  vohime 
for  every  degi'ce  of  heat,  a  volume  increasing  as  the  temperature 
rises.  On  this  view,  the  explanation  of  the  expansion  of  bodies 
by  heat  is,  that  these  parts  are  not  only  vibrating  more  quickly, 
but  also  that  the  individual  excursions  are  2;reater. 
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The  atoms  of  the  chemical  elements  differ  in  weight.  We 
should  not  therefore  expect  that  the  fethereal  vibrations  would 
throw  them  into  movement  with  equal  lacility^  but  some  would 
yield  more  readily  than  others.  Is  not  this  what  we  express  in 
chemistry  by  the  term  specific  heat  ?  a  body  the  capacity  of 
which  is  great,  requiring-  a  ])rolonged  application  of  rcthereal 
pulses  before  a  consentaneous  motion  is  reached,  and  in  its  tm-n 
impressing  on  the  rether  dunng  cooling  a  correspondingly  pro- 
longed series  of  motions.  And  is  not  this  the  cause  of  that 
remarkable  relation  between  the  atomic  weights  of  elementary 
bodies  and  their  specific  heats,  discovered  by  Dulong  and  Petit  ? 

These  considerations  may  lead  us  to  inquire  whether  the  ge- 
neral cause  of  the  decomposition  of  compound  bodies  by  radia- 
tion is  due  to  the  circumstance,  that  all  the  atoms  of  which 
their  molecules  are  eom])osed  take  on  the  vibratoiy  motion  \nth 
unequal  facility.  Thus,  if  a  certain  compound  molecule  be  sub- 
mitted to  the  influence  of  an  intense  radiation,  some  of  its  con- 
stituent particles  may  vibrate  consentaneously  at  once,  and  the 
others  more  tardily.  Under  these  circumstances,  the  continued 
existence  of  the  group  may  become  impossible,  and  decomposition 
ensue  in  the  necessity  of  the  case. 

In  entering  upon  the  experimental  analysis  of  the  action  of  a 
ray  upon  a  decomposable  body,  there  are  three  different  points 
to  be  considered,  so  far  as  the  ray  itself  is  concerned: — 1st,  To 
what  extent,  and  in  what  manner,  is  the  result  affected  by  the 
intensity  of  the  ray,  or  by  the  amplitude  of  the  \ibrating  excur- 
sions ?  2nd,  How  is  it  affected  by  the  frequency  of  the  pulsatoiy 
impressions  ?  and  3rd,  How  by  the  direction  in  which  the  vibra- 
tions are  made,  as  involved  in  the  idea  of  polarization  ?  I  shall 
now  examine  these  in  succession. 

1st.  To  what  extent,  and  in  what  manner,  is  the  decomposition 
of  a  composite  body  affected  by  the  intensity  of  a  ray,  or  the  am- 
plitude of  the  vibrating  excursions  ? 

If  the  different  facility  with  which  atoms  receive  the  impres- 
sion of  sethereal  vibrations  be  the  true  cause  of  decomposition  by 
light,  we  should  expect  that  many  such  changes  would  become 
possible  under  the  influence  of  a  burning  lens  which  are  not  so 
in  the  direct  rays  of  the  sun. 

This  idea  is  favom-ed  by  what  we  find  in  the  case  of  heat. 
The  burning-lens  has  long  had  celebrity  in  that  respect,  and  in 
former  times  was  the  most  powerful  means  of  reaching  a  high 
temperature. 

The  action  of  the  lens  is  due  to  the  rapidity  M'ith  which  it  can 
supply  caloric,  contrasted  with  the  loss  by  conduction,  radiation, 
&c.  Thus  an  object  of  any  kind  exposed  to  the  sun  receives  heat 
at  a  certain  rate.  But  it  is  simidtaneously  experiencing  a  loss 
by  conduction,  radiation,  and  currents  in  the  air.     Exposed  to 
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the  focus  of  a  lens^  tlie  supply  becomes  in  a  given  time  greater 
than  before,  and,  the  temperatiu'e  rising,  great'  effects  are  the 
necessaiT  result. 

But  changes  brought  about  by  light  are  in  a  different  predi- 
cament. Here  conduction  is  entirely  absent,  as  is  also  loss  by 
currents  in  the  air.  The  cumulative  effects  of  a  long  exposure 
give  the  same  action  as  a  highly  concentrated  ray  furnishes  in  a 
brief  period  of  time.  In  tliis  case,  therefore,  ever\i:hing  vriW. 
depend  on  the  absoi-ptive  power  of  the  substance. 

A\lien  a  piece  of  polished  sdver  is  placed  in  the  focus  of  a 
bmiiing-lens,  it  remains  quite  cold,  because  of  its  high  reflecting 
power;  but  if  it  be  blackened,  it  fuses  in  an  instant.  And  so 
with  these  cheniical  changes.  A  body,  which,  like  chlorine,  can 
exert  an  absorptive  action  on  the  ray,  becomes  modified,  and  in- 
duces changes  ;  but  if  it  has  not  that  property,  it  will,  like  oxygen, 
remain  indifferent,  and  imaffected  by  the  most  intense  radiation. 

Considering,  however,  that  the  calorific  effects  of  the  converged 
solar  rays  are  so  striking,  we  may  reasonably  inquire  whether  in 
like  manner  the  chemical  action  can  be  increased.  There  is  a 
veiy  general  impression  that  the  intense  radiation  of  tropical 
climates  accomplishes  changes  which  caiuiot  be  imitated  by  the 
feebler  light  of  higher  latitudes ;  and  perhaps  decompositions 
may  be  brought  about  by  a  large  convex  lens,  which  the  dii"ect 
rays  of  the  sun  are  wholly  inadequate  to  produce. 

We  must  bear  in  mind  the  essential  difference  just  pointed 
out  between  the  heating  effect  of  such  an  optical  contrivance  and 
its  chemical  action.  ^ATien  an  object  is  exposed  to  the  focus,  it 
is  continually  losing  its  heat  by  radiation,  conduction,  and  cm-- 
rents  in  the  air.  The  amount  of  heat  rendered  available  is  also 
directly  as  the  absorptive,  and  inversely  as  the  reflective  power. 
In  the  instance  to  which  allusion  has  been  made,  no  matter  how 
large  a  lens  may  be,  a  bead  of  polished  silver  never  melts  in  its 
focus,  the  whole  supply  of  heat  being  reflected  at  once ;  and  in 
the  case  of  a  dark  unpolished  body,  the  temperatm-e  reached  will 
not  alone  depend  on  the  size  of  the  lens,  but  on  the  radiating, 
conducting,  and  absorbent  power,  as  well  as  on  the  rapidity  of 
currents  in  the  air,  which,  sweeping  past  it,  tend  to  lower  its  hea 

But  with  the  chemical  effects  it  is  altogether  different.  In 
these  there  is  no  such  thing  as  conduction,  and  currents  in  the 
air  exert  no  action.  If,  therefore,  a  lens  increases  the  sun's 
brilliancy  sixty  times,  it  ought  to  produce  the  same  effect  by  one 
minute's  action  that  could  be  given  by  an  exposure  of  one  hoiu* 
to  the  naked  solar  rays ;  for  there  being  no  cause  to  abate  the 
effect,  the  action  becomes  essentially  cumulative ;  and  the  office 
of  the  lens  is  merely  to  produce  the  same  effect  in  a  shorter 
period  of  time. 

2  C  2 
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But  as  with  heat,  so  with  light ;  there  are  two  distinct  qua- 
lities to  be  eonsidered, — (juantity  and  intensity.  A  very  brilliant 
beam  may  possibly  break  up  a  given  eombination,  which  a  far 
greater  cpiantity  of  light,  acting  through  a  long  period,  might  be 
inadequate  to  touch.  There  are  cases  of  the  kind  on  record: 
thus  Sir  11.  Kane  states,  that  he  with  jNI.  Dumas  could  remove 
two  atoms  of  hydrogen  from  acetone  by  the  action  of  chlorine  in 
the  sunshine  at  Paris,  but  in  Dublin  only  one. 

I  have  endeavoured  to  collect  a  series  of  facts  which  might  set 
this  part  of  the  question  in  its  true  light.  ^ly  first  experiments 
were  made  with  a  lens  of  very  line  and  thin  Frencli  plate-glass, 
twehe  inches  in  diameter,  the  goodness  of  which  is  such,  that 
on  a  line  day  ])latinum  may  be  melted  in  its  focus.  It  was 
mounted  on  a  suitable  support,  but  required  to  be  guided  by  the 
hand  as  the  sun  moved.  The  use  of  it  was  therefore  attended 
with  considerable  risk  to  the  eyes,  on  account  of  the  excessive 
brilliancy  of  the  focus.  Screens  and  dark  spectacles  were  found 
to  be  veiy  unsatisfactory ;  and  an  illness  which  I  consequently 
contracted  admonished  me  either  to  abandon  the  subject  or 
pursue  it  in  some  other  way. 

The  following  experiments  were  made  with  a  smaller  glass, 
consisting  of  two  lenses,  the  diameter  being  five  inches,  and  the 
focal  distance  eight.  It  is  fixed  upon  a  polar  axis,  and  by  the 
aid  of  a  clock,  follows  the  motions  of  the  sun  with  such  accuracy, 
that  when  once  set  in  the  morning,  an  object  may  be  exposed  to 
its  focus,  if  desirable,  for  a  whole  day.  There  is  a  contrivance  on 
the  frame  whicli  carries  the  lens  for  supporting  small  crucibles, 
glass  matrasses,  charcoal  supports,  &c.  at  the  proper  point, 
which  may  be  either  at  the  focus,  or  at  any  other  distance  from 
the  lens,  as  the  circumstances  of  the  experiment  may  require. 

The  lens  being  live  inches  in  diameter,  and  the  space  covered 
by  the  solar  image,  owing  to  want  of  achromaticity  and  aberration, 
one-fifth  of  an  inch,  the  multiplying  effect  would  be  G25  times  if 
the  glass  were  perfectly  transparent,  and  there  were  no  loss  by  re- 
flexion from  its  surfaces.  On  a  summer's  day  of  average  bright- 
ness, with  the  thermometer  at  68°  in  the  shade,  and,  the  bulb 
not  being  blackened,  at  108°  in  the  sun,  the  lens  will  fuse  copper 
instantly,  the  bead  oxidizing  only  superficially,  and  cutting  readily 
after  fusion.  Black  oxide  of  copper,  in  a  little  crucible  of  pla- 
tinum foil,  melts  into  a  slaty-looking  substance  at  once.  Wrought 
iron  does  not  melt  alone ;  but  if  exposed  on  a  charcoal  support 
in  a  globule  of  microcosmic  salt  previously  fused  by  the  lens,  it 
gives  a  clear  round  bead,  which  readily  extends  when  beaten 
u])on  the  anvil.  The  globule  of  flux  turns  black.  The  specimen 
employed  was  cut  from  a  piece  of  good  iron  wire ;  and  though 
it  might  be  thought  that  ex-posure  on  the  charcoal  would  tend  to 
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turn  it  into  cast  irou^  its  subsequent  complete  malleability  seems 
to  disprove  this.  Spongy  platinum  did  not  melt  alone,  nor  even 
if  enclosed  in  a  globule  of  fused  microcosmic  salt.  We  may 
therefore  estimate  the  working  power  of  this  lens  on  a  substance 
placed  in  its  focus  as  being  somewhat  above  the  point  of  fusion 
of  wrought  iron,  but  lower  than  the  point  of  fusion  of  platinum. 

It  will  be  understood  that  this  estimate  refers  to  temperature 
only.  The  power  of  the  lens  as  to  light  must  be  enormously 
greater.  The  calorific  effect,  as  Ave  have  already  seen,  is  de- 
pressed by  many  different  causes, — conduction  by  the  support, 
radiation,  &c.  These  actually  bring  it  down  to  less  than  one- 
sixth  of  its  true  amount.'  But  for  the  light  no  such  eff'ect  is 
exerted  ;  and  the  lens,  if  it  were  perfectly  transparent,  and  there 
was  no  loss  by  reflexion  from  its  surfaces,  would  ])roduce  its  full 
multiplying  effect. 

With  these  preliminary  renuvrks,  we  may  now  proceed  to 
examine  the  chemical  effects  produced  by  this  lens. 

Two  small  glass  matrasses,  the  bulbs  of  which  were  about 
half  an  inch  in  diameter,  were  filled  Avith  chlorine-water ;  the 
one  being  exposed  to  the  direct  rays  of  the  sun,  and  the  other 
to  the  converging  rays  of  the  lens.  Decomposition  of  the  water 
occm-red  in  both,  but  with  far  more  activity  in  that  placed  in 
the  focal  point.  The  diff"erence  was  at  once  so  striking  to  the 
eye,  that  I  made  no  attempt  to  measm-e  it.  It  is  plain  that  the 
greater  the  quantity  of  incident  light,  the  more  rapid  the  decom- 
position ;  though,  after  the  first  moment  of  decomposition,  the 
solutions  being  no  longer  the  same  in  constitution,  the  quantities 
of  gas  disengaged  will  not  be  in  the  same  proportion  as  the  inci- 
dent light. 

There  is  no  difficulty  in  efi^ecting  the  decomposition  of  Avater 
by  chlorine  under  the  influence  of  the  sun ;  but  under  the  same 
cii'cumstances,  iodine  and  bromine  are  inadequate  to  produce 
such  an  effect.  No  change  takes  place  in  an  aqueous  solution 
of  those  bodies,  CA^en  though  the  exposure  should  continue  for 
many  days. 

A  solution  of  bromine  in  water  was  prepared,  the  water  being 
first  boiled  to  expel  the  air  dissolved  in  it.  It  was  placed  in  a 
half-inch  matrass,  and  exposed  to  the  focus  of  the  lens.  As 
the  temperature  rose  rapidly,  the  water  was  depressed  in  the 
bulb  by  the  steam  and  bromine  vapour  Avhich  occupied  the  upper 
part,  the  bulb  being  placed  uppermost,  and  the  tube  dipping  in 
a  small  phial  which  served  as  a  reservoir.  After  the  exposure  had 
continued  for  two  hours  and  a  half,  the  matrass  was  remoA'cd 
and  suffered  to  cool.  There  remained  uncondcnsed  a  little 
bubble,  which  measured  about  —-^^  cubic  inch ;  but  this  Avas  pro- 
bably nothing  more  than  the  atmospheric  air,  Avhich  had  found 
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access  to  the  water;  for  on  submitting  the  same  specimen  to 
another  exposure  in  the  focus  for  three  hours,  after  the  gas  had 
been  decanted  from  it,  a  little  bubble,  the  diameter  of  which  was 
estimated  at  joth  of  an  inch,  was  all  that  could  be  procured. 

In  like  manner  I  endeavoured  to  decompose  water  by  iodine, 
and  with  the  same  negative  result,  even  when  the  exposure  to 
the  focal  point  lasted  for  foui*  hours.  AVhen  proper  care  hud 
been  taken  to  remove  from  the  solution  all  traces  of  air,  no  gas 
was  evolved. 

To  reduce  the  heating  effect  of  the  lens,  and  allow  the  more 
refrangible  rays  to  act,  there  was  interposed  between  the  lens 
and  its  focus  a  stratum  of  a  solution  of  sulphate  of  copper  and 
ammonia,  one-third  of  an  inch  thick,  and  included  between  two 
Hat  plates  of  glass  suitably  arranged,  and  carried  along  with  the 
other  parts  by  the  movement  of  the  clock.  The  cone  of  solar 
rays  now  passed  through  this  absorbing  medium. 

In  the  focus  of  blue  light  thus  fomied,  there  was  exposed  for 
2^  hours  (from  7|  to  10^  a.m.,  June  13,  1848)  an  inverted  half- 
inch  bulb,  containing  iodine  water,  with  a  few  particles  of  iodine. 
Temperature  in  the  shade  64°,  in  the  sun  86°.  At  the  end  of 
that  time  there  was  found  an  insigniticant  bubble  of  an*,  estimated 
at  5^oth  of  an  inch  in  diameter.  It  could  of  course  be  nothing 
but  atmospheric  air. 

The  absorbing  medium  was  now  removed,  and  the  full  rays  of 
the  sun  permitted  to  converge  on  the  matrass.  The  tempera- 
tiu'c  of  the  water  quickly  ran  up  to  the  boiling-point,  and  the 
bulb  was  filled  with  steam  and  the  purple  vapour  of  iodine. 
Everything  seemed  favourable  for  the  decomposition  of  the  water 
to  take  place,  if  the  iodine  could  accomplish  it  under  so  intense 
a  radiation.  At  first  I  thought  that  the  experiment  had  suc- 
ceeded ;  for  the  colour  of  the  bulb  became  paler,  a  result  that 
ought  to  have  ensued  if  hydriodic  acid  was  forming,  and  oxygen 
being  eliminated.  The  action  was  therefore  kept  up  for  four 
hom-s ;  but  as  soon  as  the  sun  was  screened  from  the  lens,  and 
the  bulb  began  to  cool,  the  water  returned  and  filled  it  almost 
entirely,  proving  that  it  was  nothing  but  steam  that  had  filled 
it,  the  iodine  having  been  expelled  into  the  air  by  the  high  tem- 
perature. AMien  everything  was  quite  cold,  an  insignificant 
bubble  of  gas  remained. 

This,  therefore,  shows  that,  mider  a  most  intense  luminous 
radiation,  iodine  cannot  decompose  water. 

Some  water  was  boiled  imtil  the  air  was  thoroughly  expelled 
from  it ;  when  cool,  it  was  satm-ated  with  bromine.  At  lOi  a.m., 
July  6,  1848,  it  was  exposed  to  the  focus,  and  kept  there  till 
1  P.M.     About  j^Q  cubic  inch  of  air  was  collected. 

By  gently  inclining  the  matrass  this  gas  was  decanted,  the 


Prof.  Draper  on  the  Cliemical  Action  of  Light.  375 

bulb  being  again  exposed  to  the  focus,  and  kept  there  for  three 
hom-s.  However,  the  sun  had  become  less  powerful,  and  clouds 
were  from  time  to  time  crossing.  A  mere  trace  of  gas  was  col- 
lected, a  little  bubble,  perhaps  not  more  than  Jgth  of  an  inch  in 
diameter. 

Considering  the  intensity  of  the  light  in  this  case,  it  would 
seem  that  bromine  cannot  effect  the  decomposition  of  water. 

Some  chloride  of  silver,  recently  prepared,  and  washed  from 
all  adliering  traces  of  nitrate,  was  exposed  (June  24,  1848)  to 
the  focus  of  the  lens,  in  a  little  crucible  of  platinum  foil  so  in- 
clined that  the  rays  could  come  in  at  its  mouth.  In  this  experi- 
ment the  absorbing  trough  was  not  used.  Although  the  sun- 
rays  were  not  brilliant,  the  chloride  at  once  entered  into  fusion, 
forming  a  reddish-looking  liquid :  it  was  kept  in  that  condition 
all  day.  When  cooled,  it  proved  to  be  in  the  state  of  liornsilver, 
easily  cut  by  a  knife,  and  having  a  gray  appearance.  It  should 
be  remarked,  that  when  the  rays  first  fell  on  it,  a  fume  was  dis- 
engaged, due  probably  to  the  escape  of  the  vapour  of  water,  but 
pi'esently  all  became  quiet.  From  this  we  should  gather,  that 
chloride  of  silver,  when  perfectly  dry,  is  not  decomposable  by 
the  rays  of  the  sun,  though  it  is  so  sensitive  at  common  tempe- 
ratures when  moist. 

Under  similar  circumstances,  protoxide  of  copper  undenvent 
immediate  fusion ;  but  no  further  change  was  effected,  though 
the  exposure  continued  three  hours. 

Bichromate  of  potash,  exposed  in  like  manner  for  two  hours 
and  a  half,  underwent  no  further  change  after  the  first  fusion. 
Tliis  substance  is,  however,  known  to  be  readily  changeable,  when 
a  piece  of  paper  which  has  been  soaked  in  its  solution  is  exposed 
to  the  sun. 

Cyanide  of  mercuiy,  exposed  on  a  platinum  spoon  in  the  inte- 
rior of  a  glass  globe  one  inch  in  diameter,  volatilizes  and  con- 
denses on  the  cooler  parts  of  the  glass. 

A  solution  of  peroxalate  of  iron  was  placed  in  a  matrass  about 
one  inch  in  diameter,  and  exposed  to  the  focus.  The  moment 
the  rays  fell  on  it,  a  violent  ebullition  occiu'red  from  the  escape 
of  carbonic  acid,  and  a  yellow  incrustation  was  fonned  on  the 
glass, — a  disc  of  about  a  quarter  of  an  inch  in  diameter,  corre- 
sponding to  the  size  of  the  section  of  the  cone.  This,  by  the 
partial  opacity  it  occasioned,  reduced  the  intense  action  of  the 
light.  By  turning  the  matrass  a  little  round,  a  second  spot  was 
fonned,  and  in  like  manner  a  third.  The  liquid  was,  however, 
kept  in  constant  agitation  by  the  escaping  bubbles  of  gas.  After 
four  hours  and  a  half  the  experiment  was  closed,  but  in  the  result 
it  seemed  to  differ  in  no  respect  from  an  exposure  to  the  ordinary 
unconverged  rays.     After  the  liquid  had  become  perfectly  coloiu-- 
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less  and  transparent,  the  focal  point  was  made  to  fall  on  the 
yellow  protoxalate  at  the  bottom ;  ))ut  the  decomposition  could 
not  be  carried  any  further  ;  the  yellow  precipitate  merely  turned 
darker,  and  recovered  its  tint  as  soon  as  the  rays  were  withdrawn. 

This,  therefore,  would  show  that  a  very  brilliant  ray  cannot 
carry  the  decom])osition  further  than  a  feeble  one  acting  for  a 
correspondinjily  lonjicr  period  of  time. 

The  following  experiments  were  made  in  March  1842,  on  con- 
secuti\c  days,  so  selected  that  a  thermometer,  the  bulb  of  which 
was  blackened  when  exposed  to  the  sun,  stood  at  from  92°  to 
9-4°.  The  intensity  of  the  light  is  supposed  to  have  been  nearly 
uniform.  They  show  the  behaviour  of  the  substances  referred 
to  in  the  focus  of  the  lens ;  and  with  a  view  in  some  instances 
of  cutting  off  the  calorific  effect  as  far  as  might  be,  and  limiting 
the  action  to  the  more  refrangible  rays,  the  glass  trough  was 
filled  with  a  satm-ated  solution  of  sulphate  of  copper,  as  described 
before.  This,  however,  did  not  remove  all  the  heat,  for  a  piece 
of  brown  paper  placed  in  the  focus  instantly  scorched.  For 
the  sake  of  brevity,  I  shall  call  the  focus  when  the  sulphate  of 
copper  was  used,  the  blue  focus ;  and  where  no  absorbing  medium 
had  been  employed,  the  white  focus. 

Red  lead,  in  the  white  focus,  fused  into  a  yellow  mass ;  but  in 
the  blue  focus  there  was  merely  a  yellow  dot,  occupying  the 
centre  of  the  focal  point.  This  is  an  interesting  experiment; 
for  it  shows,  that  though  the  oxides  of  lead  are  so  easily  reducible, 
the  utmost  force  of  the  solar  ray  cannot  remove  the  last  atom  of 
oxygen,  though  it  so  readily  removes  the  rest. 

Puce-culo)tred  deutoxide  of  lead  ga\e])i'ecise\y  the  same  results, 
the  deoxidation  stopping  at  the  same  point. 

Red  oxide  of  copper  turns  gray-black  in  the  white  focus,  the 
same  action  ensuing  whether  the  rays  have  come  through  the 
blue  solution  or  not.  This  cflect  is  undoubtedly  due  to  increased 
oxidation  taking  place  at  the  expense  of  the  air;  for  if  this  oxide 
be  put  at  the  bottom  of  a  vessel  of  water  and  the  focus  be  cou- 
Acrged  on  it,  it  exhibits  no  change,  the  atmospheric  oxygen 
having  now  no  access  to  it. 

Red  oxide  of  mercunj,  in  the  Avhite  focus,  turns  yellow,  and 
cpiickly  volatilizes ;  in  the  blue  focus  it  exhibits  no  change. 

Tunfjsfic  acid,  exposed  to  the  white  focus,  from  a  yellow  turns 
to  a  whitish-gray,  undergoing  the  same  changes  more  slowly, 
but  in  the  same  manner  in  the  blue  focus.  Beneath  water  it 
exhibits  no  change. 

Realffar  turns  brown  and  then  volatilizes. 

Chromafe  of  mercunj,  in  the  white  focus,  is  decomposed  with 
production  of  green  oxide  of  chromium. 

Deiit oxide  of  tin  turns  gray-yellow  in  the  white  focus;  in  the 
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blue  it  undergoes  no  change.     The  action  seems  to  be  the  same 
as  is  caused  in  this  substance  by  ignition. 

Protoxide  of  manganese  absorbs  oxygen,   and  becomes  of  a 
ruddy  black ;  in  the  blue  focus  it  turns  black. 

Green  oxide  of  chromium  is  wholly  unchanged. 

Black  sulphuret  of  mercury  instantly  volatilizes  with  a  hissing 
noise. 

Prussian  blue  becomes  of  a  reddish-brown  in  either  focus. 

On  reviewing  these  experiments,  it  appears  that,  with  the  ex- 
ception of  the  case  of  the  cyanide  of  mercury,  all  the  effects  are 
such  as  we  should  expect  from  a  high  temperature ;  nor  does 
the  light  seem  to  exert  any  special  action,  though  concentrated 
to  so  enormous  a  degree.  Even  allowing  for  the  high  tempera- 
ture which  must  necessarily  be  reached,  it  must  not  be  forgotten 
that  the  heat  is  all  the  time  acting  at  a  disadvantage.  Cooling 
causes  are  in  operation,  so  that  the  actual  calorific  effect  is  not 
one-sixth  of  what  it  should  be ;  but  the  luminous  agent  encoun- 
ters no  such  reduction.  If,  then,  the  increaseof  intensity  of  the 
light  facilitatedchemical  decomposition,  we  might  certainly  expect 
to  see  oxides  of  all  kinds  completely  reduced,  or  instantly  brought 
to  the  metallic  state.  We  might  also  expect  that  compound  sub- 
stances which  could  resist  the  force  of  the  ordinary  ray  would 
be  broken  down  by  the  intense  illumination  of  the  focal  point  of 
the  bmiiing  lens,  and  that  that  instrument  would  do,  under 
proper  regulation,  what  the  voltaic  pile  has  done, — effect  decom- 
positions which  have  never  been  effected  before. 

The  case  of  the  cyanide  of  mercury  is  perhaps  an  apparent 
rather  than  a  real  exception ;  for  a  sharp  heat,  suddenly  applied, 
\f'A\  often  produce  results  different  from  those  given  by  a  more 
moderate  temperature. 

To  reduce  the  calorific  effect  as  far  as  possible,  and  give  eveiy 
advantage  to  the  condensed  luminous  focus,  I  received  the  cone 
of  rays  coming  from  a  large  burning-lens  on  a  glass  globe,  six 
inches  in  diameter,  filled  with  water.  This  increased  the  con- 
vergency  of  the  rays,  and  brought  them  more  quickly  to  a  focal 
point.  Then,  through  the  neck  of  the  globe,  Avas  introduced  to 
the  focus  the  instrument  containing  the  substance  experimented 
upon,  a  small  matrass,  spoon,  &c.  The  cooling  effect  of  so 
large  a  mass  of  water  kept  the  temperature  of  the  substance 
down ;  and  in  some  cases,  where  a  prolonged  exposure  was  re- 
quired, by  means  of  tubes  suitably  bent,  the  hot  water  was  re- 
moved by  an  aspirator,  and  cold  water  introduced  below.  A 
spoon  could  be  used  where  powders  were  employed  of  so  great 
a  specific  gravity  as  not  to  drift  too  high  from  the  focus  in  the 
ascending  current  of  hot  water. 

The  result  of  all  these  investigations  is,  however,  the  same. 
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Putting  aside  those  cases  in  which  the  change  is  obviously 
brought  about  by  the  high  temperature^  I  have  not  found  that 
the  focus  of  the  burning-lens  can  cause  any  change  which  the 
unconverged  sun-rays  alone  are  incompetent  to  jiroduce.  Its 
action  is  merely  to  hasten  the  eifect. 

As  everything  shows  that  the  activity  of  a  ray  in  causing  de- 
composition depends  on  the  absorption  exerted  by  the  changing 
medium,  I  investigated  the  circumstances  particularly  iu  the  case 
of  a  solution  of  the  peroxalate  of  iron,  a  substance  remarkably 
well-suited  for  such  inquiries. 

In  a  tube  half  an  inch  in  diameter,  solution  of  peroxalate  of 
iron  was  confined  over  mercuiy,  and  surrounded  on  all  sides  by 
another  portion  contained  iu  a  wider  tuljc,  so  that  no  ray  could 
reach  the  former  except  after  ha\  ing  traversed  the  latter,  under- 
going its  absorptive  action.  I  found  that  no  decomposition  oc- 
cuiTcd  in  the  inner  tube  until  the  surrounding  liquid  was  so 
fai'  advanced  in  change  as  to  be  sensibly  passing  into  the  colour- 
less state. 

This  therefore  proves,  that:  when  a  solution  hi  peroxalate  of 
ii"on  is  submitted  to  the  sun,  commencing  with  the  exterior,  it  is 
acted  upon  in  succession  to  the  centre,  and  that  a  ray  which  has 
suffered  absorption  can  no  longer  bring  about  change. 

In  realit)^,  it  does  not  require  a  special  experiment  like  the 
foregoing  to  satisfy  us  of  the  truth  of  this  statement ;  we  have 
only  to  observe  in  a  solution  of  this  peroxalate  the  part  from 
which  bubbles  of  carbonic  acid  escape.  This  will  be  found  to  be 
uniformly  on  the  side  nearest  to  the  light,  and  the  parts  further 
back  are  affected  iu  due  succession. 

AVhatever  can  increase  the  absoi-ptive  power  of  a  body  wall 
increase  the  action  of  a  ray  upon  it.  It  is  for  this  reason  that 
the  peroxalate  of  iron  decomposes  more  freely  when  its  tempera- 
ture is  raised.  The  solution  then  turns  brown,  and  a  greater 
absorbent  action  on  the  incident  ray  is  exerted ;  or,  if  the  heat 
declines,  and  the  liquid  becomes  paler,  the  lowering  of  its  tint 
is  at  once  accompanied  with  a  diminution  in  the  action  of  the 
light,  and  a  correspondingly  smaller  quantity  of  carbonic  acid  i8 
set  free. 

Admixture  with  other  substances  which  can  change  the  tint 
gives  rise  to  results  of  the  same  kind.  Thus,  when  the  peroxa- 
late is  rendered  acid  by  mixture  with  oxalic  acid,  its  colour  from 
being  brown-yellow  becomes  grass-green.  If  a  comparative  trial 
be  made  of  such  a  sample,  it  will  be  found  that  with  loss  of 
depth  of  tint  there  has  been  a  corresponding  diminution  of  sen- 
sitiveness, and  much  less  carbonic  acid  is  set  free  from  the  pale 
acid  solution,  than  from  that  the  tint  of  which  is  deep. 

This  principle  seems  to  be  of  general  application  in  all  cases 
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of  decomposition  by  radiation.  Thus  a  ray  wliieb  has  impinged 
on  a  Daguerreotj'pe  plate  can  no  longer  impress  any  change  on 
the  sm-face  of  a  second  such  plate,  to  which  it  may  be  reflected. 
In  bringing  about  a  change  in  the  ponderable  medium,  the  ray 
itself  vmdergoes  a  change.  The  same  is  observed  when  a  ray 
has  passed  through  a  mixture  of  chlorine  and  hydrogen  (Phil. 
Mag.,  Jidy  1844) ;  it  loses  the  power  of  acting  on  a  second 
portion  of  the  same  substance.  So,  too,  one  which  has  passed 
through  a  solution  of  bichromate  of  potash  can  no  longer  change 
a  piece  of  paper  made  sensitive  by  being  soaked  in  the  same 
solution.     And  such  instances  might  be  indefinitely  multiplied. 

To  show  that  the  ray  absorbed  is  in  reality  the  active  ray,  I 
made  an  examination  by  the  prism  in  the  case  of  the  peroxalate 
of  iron.  For  this  purpose  the  rays  absorbed  by  the  solution 
were  first  determined,  and  then  those  bringing  about  decompo- 
sition were  ascertained.     They  were  found  to  be  identical. 

In  whatever  manner  we  interfere  with  the  absorptive  quality 
of  a  body,  we  also  interfere  with  its  tendency  to  decomposition, 
increasing  or  diminishing  its  sensitiveness  to  the  light.  Thus 
the  rays  which  change  the  iodide  of  silver  are  included  between 
the  fixed  lines  F  and  Q.  But  in  the  Daguen-eotype  plate  the 
absorptive  power  is  under  complete  control ;  and  we  can  have 
the  iodide  of  almost  any  colour,  yellow,  blue,  rose-red,  steel-grav, 
&c.,  by  regulating  the  exposure  to  the  vapom-  of  iodine,  and 
thereby  changing  the  thickness  of  the  film.  As  is  well  kno^Ti 
to  those  who  are  familiar  with  the  process,  the  film  when  of  a 
yellow  colour  is  most  sensitive  to  the  light,  becoming  less  so 
when  its  tint  is  blue,  and  very  sluggish  indeed  when  it  is  brought 
to  a  steel-gray.  A  little  consideration  shows  that  all  this  is 
owing  to  our  mochhang  the  reflecting  power,  and  thereby  the 
absorption ;  and  that  the  yellow  film  is  more  sensitive,  because 
it  absorbs  the  indigo  rays,  which  are  the  active  ones,  and  reflects 
the  yellow,  which  are  without  action ;  and  that  the  steel-gray 
film  is  tardy  to  change,  because  its  optical  relations  are  such, 
that  it  reflects  indiscriminately  the  incident  light  of  all  kinds, 
and  the  active  indigo  ray  is  but  little  absorbed. 

From  these  and  many  other  such  facts  it  mav  be  inferred, 
that  iohenever  a  substance  changes  on  exposure  to  light,  rays  of  a 
certain  refrangibility  have  been  absorbed,  and  that  without  absorp- 
tion no  such  chemical  change  can  take  place. 

But  what  is  it  we  mean  by  the  term  absorption  of  a  ray  ?  If 
light  consists  of  a  ^^bratory  movement  propagated  in  the  fether, 
and  if  bodies  have  a  certain  temperature,  or  even  become  luminous 
only  because  their  molecules  are  executing  vibrations  of  a  certain 
amplitude  and  frequency,  what  mechanical  ideas  are  we  to  attach 
to  the  term  absorption  ? 
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If  a  hot  body,  a,  be  placed  in  presence  of  a  cold  body,  b,  the 
theory  of  the  exchange  of  heat  teaches  that  the  temperature  of 
the  latter  will  steadily  rise  until  equilibrium  takes  place.  ITie 
molecules  of  a  communicate  their  vibratory  motion  to  the  jcther, 
and  this  in  its  turn  imparts  an  analogous  movement  to  the  mo- 
lecules of  b.  For,  as  the  ;ethereal  medium  is  of  vastly  less  den- 
sity than  the  vibrating  molecules,  each  of  their  oscillations  will 
produce  in  it  a  determinate  wave,  which  is  propagated  through 
it  according  to  the  ordinary  laws  of  undulations,  in  such  a  way 
that  the  aether  would  be  in  re])ose  after  the  wave  had  passed  were 
it  not  for  the  continuing  vibration  of  the  molecules.  At  each 
vibration  the  molecules  of  a  lose  a  ])art  of  their  vis  viva,  by  the 
cpiantity  they  have  communicated  to  the  jcthereal  wave,  the  in- 
tensity or  amplitude  of  the  wave  becoming  gradually  less  and 
less  as  this  abstraction  of  force  is  going  on.  But  the  aether 
being  of  uniform  density  and  elasticity  throughout  each  of  its 
particles,  communicates  the  whole  vis  viva  it  has  received  to  the 
next  adjacent,  and  would  instantly  come  to  rest  were  it  not  again 
disturbed  by  the  vibrations  of  the  material  molecules. 

These  elementary  considerations  show  how  it  is  that  a  wave  of 
sound  passes  through  the  air,  and  of  light  through  the  sether, 
and  the  particles  of  those  media  instantly  come  to  rest ;  but  a 
hot  body  or  a  vibrating  string  persists  in  its  motions,  which  only 
undergo  a  gradual  decline.  If  the  vibrating  molecule  was  in  a 
medium  of  the  same  density,  it  would  impart  to  it  all  its  motion 
at  once ;  and  in  the  same  way  that  a  heavy  molecule  gradually 
communicates  a  consentaneousness  of  motion  to  the  {ether,  so  in 
its  turn  does  the  aether  to  other  systems  of  heavy  molecules. 

When  therefore  a  ray  of  light  falls,  for  example,  on  the  per- 
oxalate  of  iron,  it  compels  the  compound  molecules  thereof  to 
execute  a  vibratory  motion.  Each  atom  of  carbon,  of  iron,  of 
oxygen,  commences  to  vibrate  for  itself;  and  if,  under  the  cir- 
cumstances of  the  case,  these  movements  do  not  change  the  rela- 
tion of  the  constituents  of  the  whole  grouj),  it  continues  to  exist 
unimpaired ;  but  if  among  these  motions  there  be  any  which,  by 
reason  of  their  peculiar  frequency,  aiuplitude,  or  other  affections, 
compel  the  constituent  atoms  to  enter  on  motions  which  are  dis- 
cordant with  one  another,  or  to  arrange  themselves  in  new  posi- 
tions with  respect  to  each  other,  the  gro\q)  can  no  longer  exist 
as  it  was,  it  must  break  up,  and  decomposition  ensue.  In  the 
case  before  us  it  breaks  up  into  carbonic  acid  and  protoxalate  of 
iron,  bodies  which  are  unaffected  by  the  action  of  light. 

But  this  breaking  up  of  the  arrangement  and  constitution  of 
the  gro\q)  is  perhaps  the  work  of  a  single  ray, — a  ray  of  definite 
refrangibility.  The  simple  fact,  that  the  molecule  which  is 
breaking  up  cannot  vibrate  in  unison  with  the  impinging  ray,  is 
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the  cause  of  the  extinction  of  the  latter^  or,  as  we  term  it,  ab- 
sorption. That  species  of  motion  which,  as  respects  frequency, 
appertains  to  it,  cannot  be  propagated  through  the  mecUum, 
because  the  group  cannot  take  it  on.  Its  atoms  are  dislocated 
in  the  attempt ;  and  as  that  kind  of  motion  cannot  pass  through 
the  medium,  the  ray  in  question  is  absent  when  we  examine  the 
issuing  beam. 

Decomposition,  which  under  these  circumstances  is  but  an- 
other term  for  re-arrangement,  is  only  the  incidental,  and  not 
necessaiT  result  of  absorption.  Many  causes  may  intenene  to 
prevent  such  re-arrangement  taking  place ;  for  example,  cohesion, 
as  determming  the  solid  state. 

If  we  compare  the  mode  of  action  of  a  ray  as  respects  its  heat- 
ing effect  and  chemical  action,  a  xery  striking  difference  is  de- 
tected. The  calorific  effect  upon  a  ponderable  mass  passes  from 
point  to  point,  one  series  or  group  of  molecules  being  affected 
after  another  by  conduction,  as  it  is  termed.  But  in  the  chemical 
action  of  light  there  is  nothing  equivalent  to  conduction,  there 
is  no  propagation  of  effect.  It  is  this  principle  that  gives  per- 
fection to  the  photographic  art ;  the  DagueiTCot^^e  plate  pre- 
sents with  marvellous  accuracy  eveiy  dot  or  line ;  there  is  no 
lateral  spreading,  nothing  analogous  to  conduction ;  the  change 
which  one  atom  of  iodide  of  silver  undergoes  has  no  influence  on 
the  adjacent  ones.  The  cause  of  this  difference  is  explained  by 
the  facts  now  before  us ;  a  rise  of  temperature  is  due  to  an  in- 
creased rapidity  or  intensity  of  the  oscillations  of  the  groups  of 
vibrating  molecules,  but  chemical  decomposition  is  due  to  the 
dislocation  of  their  parts.  A  system  of  \-ibrating  molecules  ^"ill 
solicit  an  adjacent  one  to  execute  similar  motions,  through  the 
medium  of  the  intervening  aether ;  but  it  of  course  by  no  means 
follows,  that  when  a  compound  molecule  is  undergoing  entire  dis- 
ruption, those  that  are  in  the  neighbourhood  should  be  compelled 
to  pass  into  a  similar  state.  For,  the  very  reason  that  chemical 
decomposition  takes  place  is,  because  the  group  which  receives 
the  provoking  ray  cannot  vibrate  consentaneously  with  it ;  and 
if  that  group  cannot  assume  the  motion  in  question,  how  is  it 
possible  it  shoidd  transmit  it  to  any  other  ? 

Upon  the  whole,  we  may  therefore  conclude,  that  it  is  not  the 
intensity  of  a  beam  which  determines  its  decomposing  power, 
and  that  we  cannot  produce  greater  effects  by  the  action  of  con- 
verging mirrors  and  lenses  than  we  can  by  the  application  of  the 
simple  sunbeam,  continued  for  an  equivalent  period  of  time. 
Nor  can  such  optical  contrivances  effect  the  decomposition  of 
substances  on  which  a  feeble  beam  has  no  action.  It  is  not  on 
the  quality  of  intensity  that  the  chemical  action  of  a  ray  depends ; 
for  a  feeble  ray,  if  apphed  sufficiently  long,  ^nll  at  last  equal  the 
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brief  Jiction  of  a  more  ])()\verful  one,  no  matter  Iiow  intense  it 
may  have  been.  But  tliough  the  fact  of  a  decomposition  depends 
on  some  other  quality  of  a  ray  than  its  intensity,  the  rate  of  de- 
composition is  directly  jn-oportional  thereto,  a  ])rilliaut  beam 
being  more  efficient  than  a  feeble  one. 

The  actiiiy  ray  is  the  absorbed  ray ;  and  whatever  can  increase 
absorption  will  increase  the  enerjiy  of  elBEect.  A  changeable 
medium  may  have  its  absorbent  quality  so  reduced  by  dilution 
with  water,  or  admixture  with  other  bodies,  that  even  a  feeble 
ray  can  pass  through  it,  losing  but  little  and  bringing  about  little 
change.  But  if  the  medium  be  concentrated,  so  that  its  absorpt- 
ive power  is  at  a  maximum,  the  first  layers  will  completely  absorb 
from  a  beam  its  acting  rays,  and  the  amount  of  decomposition 
will  now  depend  on  the  intensity  of  the  ray ;  for  the  more  bril- 
liant it  is,  the  deeper  it  can  penetrate  before  losing  by  absorption 
all  its  power. 

In  estimating  the  influence  of  light  on  different  solutions,  we 
should  constantly  bear  in  mind  that  the  maximum  of  effect  is 
never  produced  unless  complete  absorption  has  taken  place. 
When  the  colour  of  a  solution  is  pale,  it  may  require  considerable 
thickness  before  complete  absorption  is  accomplished.  Thus  if 
two  equal  tubes,  containing  equal  quantities  of  a  solution  of 
chlorine  in  water,  are  exposed  to  the  rays,  they  mil  evolve  equal 
quantities  of  oxygen  gas ;  but  if  behind  one  of  them  a  piece  of 
looking-glass  is  placed,  the  effect  is  immediately  increased.  The 
ray  which  has  passed  the  solution  and  prodviced  its  effect  is  com- 
pelled to  cross  it  again,  and  thus  act  once  more.  The  following 
illustrations  are  examples  of  the  kind. 

Two  small  matrasses  of  equal  size,  containing  chlorine-water, 
were  exposed  to  the  rays  of  the  sun  ;  behind  one  of  them  a  con- 
cave hemispherical  metallic  mirror  Avas  placed,  so  that  the  light 
which  had  crossed  the  solution  was  compelled  to  cross  it  again : 
the  amount  of  oxygen  set  free  in  this  matrass  was  about  one- 
fourth  greater  than  in  the  other. 

The  same  was  repeated,  the  exposure  being  to  the  sky-light 
instead  of  the  sun-rays,  and  the  quantity  of  oxygen  set  free  in 
the  two  matrasses  was  as  18  to  55. 

It  might  be  supposed  that  a  part  of  this  increased  effect  is 
due  to  the  rise  of  temperature  from  the  mirror  obstructing  ra- 
diation. To  exert  a  cooling  action,  the  following  modification 
was  therefore  tried.  In  a  glass  jar  filled  quite  full  of  quicksilver, 
a  half-inch  bulb  containing  chlorine-water  was  placed  in  such  a 
way,  that  a  small  jiortion  of  its  surface,  about  one-sixth  of  an  inch 
in  diameter,  projected  above  the  surface  of  the  liquid  metal.  On 
this  part  the  solar  focus  from  a  lens  was  thrown.  The  rays 
therefore  gained  access  to  the  interior  of  the  bulb,  and  were 
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thrown  about  in  all  directions,  crossing  and  recrossing  the  hquid 
in  every  way  by  the  numerous  reflexions  they  underwent, — the 
niercmy,  as  it  apphed  itself  to  the  outer  sui'face  of  the  glass, 
acting  like  a  spherical  concave  niiiTor,  and  fi'om  its  mass  and 
high  conducting  power  efiectually  keeping  the  temperature  down. 
The  quantity  of  oxygen  emitted  in  a  given  time  was  then  mea- 
sui-ed.  The  same  experiment  was  repeated  vdxh  the  bulb  re- 
moved from  the  merciUT,  and  the  light  being  sensibly  equable 
after  the  close  of  the  same  })eriod  of  time ;  on  measuring  the 
oxygen  set  free,  it  was  found  that  the  reflecting  action  of  the 
mercm-y  had  nearly  tripled  the  effect. 

The  power  of  an  incident  ray  thus  depending  on  the  degree 
of  absoi-ption  exerted  upon  it,  I  was  led  to  inquire  whether,  by 
admixtm-e  with  other  suitable  substances  in  a  solution  under- 
going decomposition,  the  effect  coidd  be  increased.  Chlorine- 
water  decomposes  more  rapidly  as  its  yellow  tint  is  deeper.  Four 
equal  matrasses  were  therefore  taken  :  a,  containing  chlorine- 
water  ;  Z»,  the  same  deepened  with  chloride  of  gold ;  c,  chlorine- 
water  with  commercial  muiiatic  acid  of  a  yellow  tint ;  d,  chlorine- 
water  with  tinctm-e  of  iodine.  These  were  exposed  altogether  to 
the  sun.  It  was  at  once  obvious  that  a  was  giving  most  oxygen ; 
and  eventually  it  was  found  that  b  yielded  a  much  smaller  quan- 
tity, and  c  and  d  none  at  all.  The  presence  of  all  these  bodies, 
therefore,  exerted  a  prejudicial  effect. 

Any  arthicial  coloration,  by  the  addition  of  extraneous  bodies, 
does  not  increase  the  rate  of  decomposition,  but  retards  it.  This 
is  precisely  what  ought  to  be  expected.  A  compound  atom  has 
its  grouping  destroyed  by  the  action  of  light  upon  its  own  parts, 
and  is  in  no  manner  concerned  in  what  is  taking  place  in  other 
atoms  aroimd.  They  therefore  cannot  increase  the  effect  on  it. 
But,  on  the  contrary,  they  may  greatly  diminish  the  action  on 
the  mass  by  exerting  a  special  absorption  themselves.  Thus  the 
chloride  of  gold  retards  the  decomposition  of  chlorine-water  when 
mixed  therewith,  in  the  same  manner  as  if  it  were  placed  in  a 
trough  in  front  of  the  water  and  intercepted  the  impinging 
beam. 

.  Experiments  similar  to  the  foregoing  were  made  with  a  solu- 
tion of  peroxalate  of  u-on  mised  with  alcohol,  ammonio-citrate  of 
iron,  tincture  of  turmeric,  chloride  of  sodium,  &c.  In  every 
instance  it  was  clear  that  the  action  of  the  light  was  strictly 
molecular,  that  it  is  impressed  on  the  group  of  atoms  affected 
and  not  on  the  mass ;  and  that  when  various  bodies  are  conjointly 
exposed  to  the  sun,  each  one  undergoes  its  own  specific  change, 
independently  of,  and  unaffected  by,  all  the  rest. 

Ten  years  ago  I  made  many  attempts  to  increase  the  sensi- 
tiveness of  ordinaiy  photographic  paper  formed  of  chloride  of 
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silver^  by  exposing  it  in  an  atmosphere  of  hydrogen.     These 
were  all  failures,  for  the  reason  that  is  now  obvious. 

The  observations  here  made  apply  only  to  the  case  in  which 
the  substance  mixed  leaves  the  original  body  unaffected.  Thus, 
if  a  solution  of  oxalic  acid  be  mixed  with  peroxalate  of  iron,  it 
unites  at  once  therewith,  an  entirely  new  body  of  a  different 
coloui'  and  of  a  different  absorj)tive  power  arises,  and  the  expe- 
riments are  no  longer  comparable. 


I  now  pass  to  the  second  point  of  inquiry. 

2.  To  irhat  extent,  and  in  what  manner,  is  the  decomposition  of 
a  compound  body  affected  by  the  frequency  of  vibration  of  a  ray  ? 

From  the  beginning  of  optical  chemistry,  investigations  have 
been  made  for  the  purpose  of  determining  the  action  of  rays  of 
different  refrangibilities.  Wollaston,  Hitter  and  Schcele,  recog- 
nised the  action  of  the  more  refrangible  rays,  even  those  which 
are  extra-spectral.  To  these  the  designation  of  deoxidizing  rays 
was  given.  Almost  a  hundred  years  ago  it  had  been  shown,  in 
special  cases,  that  there  is  an  antagonism  between  the  opposite 
ends  of  the  spectrum  ;  thus  the  phosphorescence  excited  in  Can- 
ton's preparation  by  the  violet  end  of  the  spectnmi  is  extin- 
guished by  the  red.  As  respects  coloured  compounds,  Grotthuss 
showed  that  the  active  ray  is  very  commonly  of  the  complemen- 
tary tint. 

This  branch  of  the  subject  has  more  recently  been  examined 
to  a  great  extent,  and  the  behaviour  of  all  kinds  of  substances 
in  the  solar  spectrum  made  kno^^^l.  From  these  inquiries  it 
would  appear,  that  in  general  the  rays  of  higher  refrangibility, 
and  therefore  of  more  frequent  nbration,  betray  the  greatest 
activity ;  though  the  cases  are  quite  common  in  which  all  the 
other  rays  exhibit  an  effect. 

We  have  already  seen  that  amplitude  of  vibration  has  nothing 
to  do  with  the  chemical  effect  of  a  ray,  beyond  determining  the 
rapidity  of  its  action ;  but  it  is  very  different  with  frequency. 
On  this,  the  number  of  impidses  it  can  communicate  in  a  given 
period  of  time,  depends  its  power  of  destroying  the  constitution 
of  any  group  of  atoms.  AVe  might  readily  suppose  that  a  com- 
pound which  could  resist  a  slow  recurring  motion  may  be  vinable 
to  maintain  itself  when  the  impulses  increase  in  frequency ;  and 
in  this  we  probably  have  a  general  explanation  of  the  greater 
efficiency  of  the  more  refrangible  rays ;  as  it  is  said  that  there 
have  been  singers  who,  by  gradually  raising  their  voice  from  a 
low  note,  could  cause  vessels  of  glass  to  fly  to  pieces. 

If  the  decomposition  of  bodies  arises  from  their  molecules 
being  thrown  into  vibration  by  the  impulses  of  the  ray,  so  that 
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tlieir  equilibrium  is  overset,  it  follows  that  whenever  the  cireuiu- 
stances  of  the  experiment  change,  the  chemical  effect  should  be 
increased,  diminished,  or  altogether  put  an  end  to.  Two  rays 
may  be  so  placed  in  relation  to  one  another  that  their  motions 
may  conspire  or  antagonize ;  and  as  one  or  other  of  these  con- 
ditions ensues,  the  chemical  result  should  correspond. 

Our  investigation  therefore  commences  with  a  case  of  this 
kind.  Out  of  many  that  might  be  selected  I  take  the  instance 
of  the  Daguerreotype  plate,  a  surface  which  can  always  be  pro- 
duced uniform  and  pure.  It  is  essential  that  the  substance  used 
in  such  an  inquiry  should  always  have  an  identical  constitution. 
For  this  reason  the  plate  is  not  to  be  rendered  more  sensitive  by 
exposure  to  bromine,  or  other  preparations,  but  the  vapour  of 
iodine  alone  is  to  be  used.  It  gives  a  surface  of  uniform  che- 
mical constitution,  sufficiently  sensitive  for  such  purposes. 

Those  who  are  familiar  with  the  process  know,  that  when  a 
polished  silver  plate  is  exposed  to  the  fumes  of  iodine,  the  surface 
presently  tarnishes,  and  passing  through  various  shades  of  lemon- 
and  orange-yellow,  turns  gradually  red  and  blue,  theji  recovers 
an  uncoloured  metallic  lustre,  somewhat  approaching  its  original 
aspect.  If  the  exposure  be  prolonged,  a  second  series  of  colours 
succeeds,  commencing  as  before  with  a  yellow.  These  different 
tints  arise  as  the  film  becomes  of  different  thickness. 

There  is  no  difficulty  in  obtaining  on  the  same  piece  of  polished 
silver  spaces  or  bands  of  these  different  tints,  by  screening  its 
surface  in  a  suitable  manner  while  it  is  exposed  to  the  iodine 
vapour.  Having  therefore  provided  a  plate  of  silver,  I  formd 
upon  its  surface  transverse  bands  of  different  tints,  yellow,  red, 
blue,  gray,  yellow,  &c.  The  plate  might  therefore  be  regarded 
as  presenting  an  uniform  surface  of  pure  iodide  of  silver,  but  of 
a  different  thickness  in  the  different  bands,  the  second  yellow 
having  twice  the  thickness  of  the  first. 

The  production  of  the  colour  undoubtedly  arises  from  the  in- 
terference of  the  incident  ray  with  the  ray  reflected  from  the 
metal  at  the  back  of  the  film. 

If  now  the  plate,  thus  crossed  ^vith  its  tranverse  bands  of  dif- 
ferent tints,  be  exposed  to  an  uniform  light,  it  changes,  and  the 
effect  may  be  subsequently  brought  out  by  exposure  to  the  vapour 
of  mercuiy.  But  it  at  once  appears  that  there  has  been  a  gi-eat 
difference  of  action  upon  the  different  coloured  bands ;  that  the 
two  yellow  spaces  have  been  powerfully  affected,  the  blue  less, 
and  the  metallic  gray  portion  scarcely  at  all.  It  is  the  same 
iodide  of  silver  all  over,  and  yet  it  presents  this  difference  of 
result.  In  what  other  way  can  the  experiment  be  explained 
than  by  admitting,  that,  in  those  bands  that  have  been  unacted 
upon,  the  effect  of  the  incident  ray  has  been  destroyed,  or  re- 
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versed  by  the  effect  of  the  ray  reflected  from  the  back  of  the 
fihn ;  and  in  those  parts  where  the  chemical  eifect  is  at  a  maxi- 
mum, the  incident  and  reflected  rays  have  conspired  ? 

If  any  proof  were  required  that  the  maxima  or  minima  of 
chemical  effect  arise  from  the  superposition  of  similar  or  contrary 
motions,  it  is  found  in  the  relative  thickness  of  the  bands  which 
have  been  acted  or  unacted  upon.  The  second  yellow  fllm  has 
a  thickness  compared  with  tlie  flrst  as  2:1,  the  metallic  gray 
fllm  which  intervenes  having  a  thickness  of  li. 

But  the  experiment  may  be  varied  by  employing  a  film  of 
iodide  of  silver  of  uniform  thickness,  and  simultaneously  permit- 
ting rays  of  different  refrangibilities  to  act  upon  it.  This 
amounts,  in  point  of  fact,  to  the  exposure  of  the  sensitive  surface 
to  the  solar  spectrum.  Here,  however,  it  is  necessary  to  I'cmark, 
that  the  numerous  experiments  which  have  been  made  by  the 
aid  of  a  spectrum  formed  by  a  glass  prism  lead  only  to  deceptive 
results.  Even  if  due  care  has  been  taken  to  have  the  colours 
sufficiently  pure,  by  causing  the  intromitted  light  to  pass  through 
a  fissure  not  wider  than  -g^Qth  of  an  inch  before  it  falls  on  the 
prism.  Me  cannot  compare  the  intensity  of  eftect  in  one  of  the 
coloured  spaces  with  that  of  another.  For  as  we  approach  the 
more  refrangible  region,  the  colom-s  are  unduly  spread  out ;  and 
with  the  extension  of  the  space  over  which  they  are  spread,  their 
chemical  power  must  be  correspondingly  diminished.  The  diffi- 
culty can  only  be  avoided  by  the  employment  of  a  grating  or 
lines  drawn  with  the  point  of  a  diamond  upon  glass,  which  gives 
a  spectrum  in  which  the  colours  are  placed  side  by  side,  in  the 
order  of  their  wave  lengths,  and  without  any  distortion. 

Attachingdue  weight  to  the  remark  just  made,  we  may,however, 
determine  many  facts  in  the  case  by  the  use  of  the  prism,  though 
there  is  but  little  difficulty  in  obtaining  photographic  impres- 
sions of  the  spectrum  formed  by  a  grathig,  as  I  have  heretofore 
shown  (Phil.  Mag.,  June  18J:5).  AVhen  a  Daguerreotype  plate, 
iodized  to  the  yellow,  receives  a  prismatic  spectrum,  no  other 
light  simultaneously  acting  upon  it,  it  is  impressed  differently  in 
its  cUffereut  parts,  and  five  well-marked  regions  may  be  pointed 
out : — 1st.  In  the  region  of  maxinmm  heat,  beneath  the  red  ray, 
there  is  no  action  whatever.  2nd.  In  the  red  ray  itself  there  is 
action  ;  for  if  the  plate  be  subsequently  exposed  to  the  vapour  of 
mercury,  it  whitens  at  that  part.  3rd.  In  the  yellow  space  the 
action  again  ceases.  4th.  It  reappears  in  the  indigo,  and  indeed 
is  there  at  a  maxinmm.  5th.  It  disappears  in  the  extra- spectral 
violet. 

The  terms  '  inaction,^  or  '  want  of  action,'  can,  however,  be 
scarcely  used  with  propriety,  for  in  reality  it  is  a  negative  action. 
It  might  be  said,  why  shoiild  we  expect  at  the  ends  of  the  spec- 
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trum  to  have  a  positive  result  ?  the  want  of  effect  may  arise  from 
the  intrinsic  feebleness  of  the  light,  which  on  these  points  is  just 
ready  to  die  away.  That  there  is  no  weight  in  such  a  criticism 
is  very  easily  shown,  by  slightly  modifying  the  conditions  of  the 
experiment,  and  admitting  a  feeble  daylight  or  skylight  to  act 
on  the  plate  while  the  solar  spectrum  is  at  work,  the  action 
being  kept  up  long  enough  to  permit  such  a  light  to  stain  the 
plate  uniformly  all  over.  After  submitting  it  to  the  action  of 
mercury,  it  will  be  seen  that  there  are  three  points ;  the  extreme 
red,  the  centre  of  the  yellow,  and  the  extreme  violet,  which  have 
wholly  held  the  daylight  in  check ;  and  two  intervening,  where 
the  actions  have  conspired.  On  the  former,  the  plate  is  in  the 
same  condition  as  though  it  had  never  been  exposed  to  the  light, 
and  they  are  therefore  represented  as  black  in  the  impression ; 
on  the  latter,  the  mercurial  vapour  readily  condenses,  and  they 
are  therefore  white  or  even  blue. 

It  thus  appears  that  rays,  the  times  of  vibration  of  which  are 
1,  2,  aid  the  daylight  j  but  those  whose  times  of  \ibration  are 
^,  li,  2|,  interfere  with  it  and  destroy  its  effect. 

A  slight  modification  of  the  foregoing  experiment  leads  to  a 
very  important  result.  Instead  of  having  the  daylight  and  the 
sunlight  act  together,  let  us  first  ex]Jose  the  plate  to  a  feeble 
daylight,  and  then  throw  upon  it  the  solar  spectiiim.  The  result 
comes  out  essentially  the  same  in  all  particulars  as  the  foregoing, 
but  the  conclusion  is  established  that  it  is  not  necessaiy  for  the 
two  rays  to  act  simultaneously ;  they  may  work  in  succession ; 
and  the  effect  of  one,  as  the  case  may  be,  wdl  be  destroyed  or 
increased  by  the  other. 

It  is  to  be  understood,  that  the  actions  here  spoken  of  as  ne- 
gative and  positive  are  not  of  equal  intensity  in  the  different 
points.  The  positive  action  in  the  indigo  is  far  greater  than  that 
in  the  red.  On  inspecting  the  curve  of  the  effects,  its  ordinates 
will  be  found  negative  before  reaching  the  red,  become  positive 
through  that  space,  are  negative  again  in  the  yellow,  positive 
again  in  the  indigo  and  \'iolet,  and  negative  beyond.  They  differ 
not  only  in  sign,  but  also  in  value ;  being  shorter  in  the  red  than 
in  the  indigo  when  positive,  and  at  the  two  extremes  than  in  the 
yellow  when  negative. 

One  of  the  most  striking  instances  of  this  positive  and  negative 
action  which  rays  can  impress  on  a  substance  is  exhibited  by  the 
effect  of  an  electric  spark.  I  discovered  the  facts  three  years 
ago,  in  investigating  the  intensity  of  the  Leyden  spark  as  it 
passes  between  metallic  balls.  Some  have  supposed  that  its 
brightness  varies  at  different  points  of  the  path,  the  general  idea 
being  that  it  is  feeblest  at  the  middle  point.  On  causing  its 
image  to  be  formed  by  a  lens  on  a  DagueiTeotype  plate,  there 
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was  no  difficulty  in  obtaining  an  impression ;  a  proof  not  only 
of  the  great  sensitiveness  of  that  surface,  but  also  of  the  extreme 
brilUancy  of  the  light ;  which  lasting,  it  is  said,  scarcely  more 
than  the  millionth  of  a  second,  can  impress  so  clear  and  perma- 
nent a  trace  of  its  passage.  I  may  observe,  though  it  scarcely 
belongs  to  the  subject  here  under  investigation,  that  the  stain  is 
ot  uniform  whiteness,  and  the  spark  therefore  throughout  its 
whole  path  of  uniform  brilliancy. 

But  to  describe  the  singular  fact  here  alluded  to.  Let  there 
be  placed  over  a  sensitive  Daguerreotype  plate  two  metal  balls 
connected  respectively  with  the  inside  and  outside  of  a  Leyden 
phial,  in  such  a  way  that  the  discharge  may  pass  from  one  of 
the  balls  at  about  half  an  inch  distance  to  the  sensitive  plate, 
and  from  the  sensitive  plate  to  the  other  ball  at  about  the  same 
distance.  It  is  to  be  understood  that  the  balls  overhang  the 
ssnsitive  surface,  and  are  about  two  inches  apart.  One  spark  is 
quite  sufficient  to  produce  the  effect.  Tlie  experiment  should  be 
made  in  a  dark  room. 

The  plate  having  been  mercurialized  in  the  usual  way,  then 
presents  the  following  appearances.  On  that  part  of  it  which 
received  the  spark  there  is  a  solarized  blue-white  spot,  about 
:f*oth  of  an  inch  in  diameter.  Immediately  round  this  is  an 
annular  space  about  y'^th  of  an  inch  in  diameter,  which  is  per- 
fectly black,  the  rays  from  the  spark  having  there  had  no  action  ; 
then  follows  a  ichite  ring  about  ^th  of  an  inch  wide,  and  then 
another  tjlack.  Finally  succeeds  a  whitish  stain  of  an  indistinct 
circular  form,  which  can  be  traced  by  inclining  the  plate  as  ha^^ng 
a  diameter  of  about  li  inch. 

On  that  part  of  the  plate  from  which  the  spark  escaped  to  the 
other  ball  the  same  phpenomena  are  repeated ;  a  central  bluish- 
white  dot,  surrounded  by  alternate  black  and  white  rings ;  the 
last  white  ring  degenerating  into  a  hazy  stain,  which,  when  the 
balls  have  not  been  more  than  two  inches  apart,  encounters  the 
other  stain,  and  becoming  confounded  with  it,  forms  a  mark 
somewhat  resembling  the  figure  8. 

That  the  Leyden  spark  is  of  sufficient  brilliancy  to  decompose 
the  sensitive  surface  has  already  been  proved ;  the  mere  staining 
the  plate  in  the  instance  before  us  is  therefore  nothing  extraor- 
dinaiy.  But  how  shall  we  account  for  the  production  of  these 
alternate  white  and  black  spaces,  rings  of  action  and  of  inaction  ? 
Some  may  at  first  be  led  to  suppose  that  this  is  only  an  interest- 
ing form  of  Priestley's  experiment  of  "  the  fairy  rings,''  formed 
by  receiving  the  shock  of  a  battery  on  a  polished  steel  surface, 
when,  by  the  oxidation  that  ensues,  a  film  is  formed  of  variable 
thickness,  and  giving  therefore  the  colours  of  thin  plates.  But 
a  little  consideration  will  show  that  it  is  impossible  that  this 


Prof.  Draper  on  the  Chemical  Action  of  Light.  389 

should  be  the  ease ;  and  the  fact  is  only  to  be  explained  on  the 
principles  of  interference  here  dwelt  upon. 


The  next  point  of  inquiry  is — 

3rd.  In  what  manner  is  the  decomposition  of  a  compound  body 
affected  by  the  condition  of  polarization  of  the  disturbing  ray  ? 

A  beaui  of  light  passing  through  a  circular  aperture^  one  inch 
in  diameter,  into  a  dark  room,  was  received  on  the  achromatic 
lens  of  a  camera-obscura,  and  then  fell  on  a  doubly  refracting 
prism,  so  placed  as  to  give  on  the  ground  glass  two  circular 
images  of  the  aperture,  ird  of  an  inch  in  diameter,  and  overlap- 
ping each  other  to  a  small  extent.  In  these  images  the  light 
was  of  course  polarized  at  right  angles  respectively. 

When  a  paper  rendered  sensitive  by  being  washed  with  per- 
oxalate  of  iron  was  placed  so  as  to  receive  them,  the  light  per- 
mitted to  act  nine  minutes,  and  its  effect  subsequently  brought 
out  by  chloride  of  gold,  both  images  were  found  of  equal  black- 
ness, and  the  lenticular  space  formed  by  theii-  overlapping  of 
gi-eater  depth. 

This  was  repeated  with  several  different  compounds,  and  always 
with  the  same  residt.  It  shows  that  plane-polarized  light  acts 
precisely  like  common  light,  and  with  a  rapidity  proportional  to 
its  intensity. 

Next,  a  disc  of  quartz  was  placed  immediately  behind  the 
double  refracting  spar,  so  as  to  give  two  images  of  circularly- 
polarized  light  on  the  sensitive  surface,  but  the  result  came  out 
as  in  the  preceding  cases.  It  does  not  therefore  appear  that  the 
direction  of  the  vibrating  motion  of  a  ray  exerts  any  action  on 
the  decomposition.  AMiether  it  be  in  all  directions,  as  in  common 
light,  or  in  one  as  in  plane-polarized,  or  circular,  the  result  is 
the  same. 

AVhilst  thus  attempting  to  detect  a  difference  in  the  decom- 
posing action  of  common  and  polarized  light,  I  made  some  in- 
quiries as  to  the  possibihty  of  polarizing  light  by  a  magnet. 
Some  of  these  may  here  be  introduced. 

A  great  many  experiments  have  been  made  at  different  times 
for  the  purpose  of  producing  disturbance  on  a  ray  of  light  by 
magnets.  There  are  two  methods  which  may  be  resorted  to. 
The  one  hitherto  followed  has  been  to  intercept  the  ray  in  its 
course,  and  submit  it  to  the  magnetic  action ;  but  the  principle 
on  which  my  attempts  have  been  founded  has  been  to  attack  it 
at  its  origin,  and  attempt  to  produce  an  impression  on  the  shi- 
ning body.  These  methods  are  essentially  distinct.  There  would 
be  a  difference  in  trying  to  modify  a  sound  on  its  passage  through 
the  air,  and  by  exerting  some  influence  on  the  sounding  body. 
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So  though  all  experiments  have  failed  to  disturb  a  ray  of  light 
by  map;netism,  some  change  may  perhaps  be  brought  about  by 
compelling  the  oscillating  particles  of  the  shining  body  to  move 
in  a  new  path. 

When  Bancolari's  experiment  on  the  influence  of  the  poles  of 
a  powerful  magnet  on  a  flame  was  first  published,  I  repeated  it 
at  once,  expecting  that  the  oscillations  of  the  shining  particles 
were  constrained  to  take  place  in  one  plane  by  the  magnetism, 
and  that  the  light  emitted  should  be  polarized.  The  result, 
however,  did  not  seem  to  prove  this. 

A  similar  experiment  was  then  made  with  the  electric  spark 
from  the  prime  conductor  of  a  machine.  It  was  compelled  to 
cross  between  the  poles  of  a  powerful  electro-magnet.  But  when 
the  magnetism  was  on,  it  could  not  be  proved  that  the  light  was 
polarized. 

M.  De  la  Rive  has  shown,  that  the  voltaic  arc  of  flame  between 
charcoal  points  is  greatly  disturbed  when  it  passes  between  the 
poles  of  a  powerful  electro-magnet.  In  the  hope  that  this  would 
prodtice  the  expected  disturbance,  I  examined  an  arc  formed 
between  points  of  copper,  platinum,  and  gas  carbon  ;  but  though 
the  sounds  emitted  were  strong,  resembling  the  sudden  tearing 
of  a  piece  of  cloth,  I  failed  to  prove  that  the  light  was  polarized. 

In  like  manner  the  induction  spark  from  a  contact  breaker, 
and  the  phosphorescent  light  from  fluor  spar,  were  tried  without 
success. 

I  still  expect,  however,  that  with  more  powerful  means  than 
those  here  employed  the  experiment  would  succeed,  and  hope  it 
will  be  attempted  by  those  who  have  adequate  instrimients  at 
their  command. 

At  the  commencement  of  this  memoir  it  was  stated,  that  we 
should  discuss, — 1st,  the  manner  in  which  a  ray  of  light  acts  in 
bringing  about  decomposition,  and  the  changes  it  undergoes  ; 
2nd,  the  nature  of  the  impression  made  on  the  material  group, 
the  decomposition  of  which  ensues.  The  observations  I  propose 
offering  in  relation  to  the  former  of  these  points  are  completed ; 
I  now  pass  to  some  remarks  respecting  the  last. 

An  examination  of  niany  cases  of  the  decomposition  of  bodies 
by  light  has  led  me  to  the  conclusion,  that  its  cause  is  to  be  attri- 
buted to  the  inability  of  the  group  of  molecules  aff'ected  to  with- 
stand the  periodic  impulses  conmiunicatcd  to  them.  Of  those 
molecules,  some  perhaps  take  on  a  vibratoiy  movement  more 
readily  than  the  others ;  and  the  continuance  of  a  given  group 
becomes  impossible,  and  a  re-arrangement  ensues. 

But  in  other  cases,  the  mechanism  of  decomposition  is  un- 
doubtedly diff"erent ;  a  change  is  impressed  in  one  of  the  ele- 
ments acted  upon,  which  weakens  its  affinity  for  the  others. 
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Thus,  under  the  influence  of  the  sunshine,  plants  can  decompose 
many  bodies,  such  as  carbonic,  sulphuric  and  phosphoi'ic  acids. 

The  nature  of  these  changes  may  be  best  illustrated  by  tracing 
the  complete  course  through  which  any  one  of  these  substances 
passes.  The  chief  facts  are  best  seen  in  the  case  of  phosphorus. 
This  substance,  when  freshly  made,  commonly  exhibits  a  white 
waxy  Appearance  ;  but  when  exposed  to  the  sunshine,  it  turns  of 
a  deep  mahogany-red.  If  the  exposure  has  been  long  continued, 
or  the  effect  hastened  by  the  action  of  a  burning-lens,  the  change 
of  aspect  is  very  striking.  It  is  analogous  to  that  which  sulphur 
exhibits  when  heated  to  400°  or  500°.  I  have  a  specimen  which 
has  been  kept  for  many  years  in  an  atmosphere  of  diy  cai-bonic 
acid ;  the  sides  of  the  vessel  are  incrusted  with  ciystals  which 
have  slowly  sublimed  from  it,  and  which  in  colour  resemble  the 
ferridcyanide  of  potassium. 

The  chemical  properties  of  these  two  varieties  of  phosphoi-us 
are  wholly  different.  Indeed  there  is  scarcely  a  point  in  which 
they  may  not  be  said  to  be  unlike.  Tlie  common  kind  shines  in 
the  dark,  the  red  does  not ;  the  common  is  soluble  in  a  variety 
of  mensti-ua,  which  do  not  act  on  the  other  :  thus  one  of  the 
best  methods  of  preparing  red  phosphorus  is  to  expose  a  solution 
of  the  common  in  sulphuric  gather  to  the  light ;  a  red  powder, 
the  substance  in  question,  precipitates.  Contrasted  together, 
the  one  displays  a  range  of  affinity  which  the  other  does  not ; 
nor  do  these  properties  seem  to  leave  them  when  they  are  united 
with  other  bodies.  Thus,  the  active  or  white  phosphorus,  when 
united  with  hydrogen,  yields  a  gas  which  is  spontaneously  com- 
bustible in  the  air ;  the  red,  or  passive  variety,  yields  a  hydrogen 
compound  of  the  same  constitution,  but  devoid  of  the  property 
of  spontaneous  combustibility. 

It  should  be  imderstood,  that  though  other  agents,  as  a  high 
temperature,  can  impress  this  remarkable  change  upon  phos- 
phoras,  none  do  it  with  more  energy  or  more  completely  than 
the  solar  rays.  I  found  by  exposing  a  stick  of  white,  or  active 
phosphorus,  to  the  prismatic  spectrum,  that  it  is  the  more  refran- 
gible rays  which  are  the  most  effective,  those  rays  which  were 
formerly  termed  deoxidating.  Thus  the  rays  which  are  most 
efficient  in  setting  oxygen  free  from  the  bodies  with  which  it  is 
united,  have  also  the  quality  of  impressing  such  a  change  on 
those  bodies  that  they  oxidize  subsequently  with  great  difficulty. 
It  follows,  that  the  true  cause  of  such  decompositions  is  the  im- 
pression which  the  light  makes  on  the  elementarj^  substance : 
thus  if  phosphoric  acid  is  decomposed  by  the  solar  rays,  the  de- 
composition is  owing  to  the  phosphorus  being  thro^Ti  into  the 
red  or  passive  state,  a  state  in  which  its  affinity  for  oxygen  has 
almost  entirely  disappeared. 
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These  considerations  enable  us  to  explain  what  takes  })lace  in 
the  oeconomy  of  plants.  The  water  of  the  soil  is  always  charged 
with  carbonic  acid,  which  communicates  to  it  the  quality  of  dis- 
solving bone-earth  ;  the  solution  passing  through  the  spongioles 
goes  to  the  leaves  as  ascending  sap.  Here  it  is  exposed  to  the  light, 
the  eftect  of  which  is,  aided  by  the  cell-growth  there  taking  place, 
to  set  the  phosphoric  acid  free,  and  turn  its  phosi)horus  iilto  the 
passive  state.  Its  continued  union  Avith  oxygen  as  an  acid  com- 
pound thus  becomes  impossible,  and  it  is  now  associated  with  the 
proteine  and  oily  bodies  forming  in  the  plant.  Nor  does  it  again 
unite  with  oxygen  iintil  it  has  ])assed  into  the  systems  of  animals 
as  a  constituent  of  their  nervous  and  nuiscular  tissues.  At  the 
moment  of  activity  of  these,  and  especially  of  the  former,  it  is 
oxidized  ;  the  change  being  apparently  an  immediate  consequence 
of  that  activity,  and  reverting  to  the  acid  state,  it  is  finally  dis- 
missed from  the  oeconomy  under  the  form  of  phosphate  of  soda 
and  ammonia. 

In  the  same  manner  may  be  explained  the  decomposition  of 
carbonic  acid  by  plants  in  the  sunshine ;  for  carbon,  like  phos- 
])horus,  and  indeed  like  all  other  elementary  bodies,  has  its  active 
and  passive  states,  as  is  exemplified  in  the  contrast  between  dia- 
mond and  lamp-black.  The  sunlight  enables  the  leaves  of  plants 
to  bring  the  carbon  into  the  inactive  state,  and  decomposition 
ensues  as  a  secondary  result.  The  rcsiilting  carbon  compounds 
form  the  food  of  various  animals ;  nor  does  this  element  recover 
its  active  state  until  it  has  given  rise  to  the  processes  of  life, 
when  it  suddenly  unites  with  oxygen  brought  by  the  arterial 
blood,  and  the  carbonic  acid  and  cyanate  of  ammonia  are  dis- 
missed from  the  system  by  the  lungs  and  kidneys  conjointly. 

At  first  sight  it  might  appear  that  the  mechanism  of  decom- 
position by  simple  vibratory  movement  is  essentially  different 
from  that  by  these  allotropic  changes.  But  this  is  not  neces- 
sarily so.  Thus  the  passage  of  iron  from  the  active  to  the  pas- 
sive state  is  probably  connected  with  the  equivalency  of  two 
atoms  of  it  to  one  of  the  chlorine  group,  so  that  a  pair  of  atoms 
may  replace  a  solitary  one.  The  association  of  similar  atoms  in 
pairs  is  a  natural  consequence  of  the  establishment  of  vibratory 
motions  in  a  given  group. 


In  conclusion  it  may  be  observed,  that  I  have  endeavoured  to 
investigate  in  this  memoir  how  far  the  decomposing  action  of  a 
ray  is  dependent  on  the  amplitude,  or  frequency,  or  direction  of 
its  vibrations.  The  result  arrived  at  is,  that  decompositions  are 
not  determined  by  amplitude ;  since  a  faint  light  continued  long 
enough  can  produce  precisely  the  same  effect  as  the  more  con- 
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centrated  ray  of  a  burning-lens  applied  for  a  shorter  time.  Nor 
does  the  direction  of  motion,  as  involved  in  the  idea  of  polariza- 
tion, whether  plane  or  circular,  exert  any  effect ;  but  it  is  the 
frequency  of  the  periodic  impulses  that  is  the  sole  determining 
cause.  And  the  phsenomena  of  interference,  from  the  superpo- 
sition of  such  small  motions,  occur  exactly  as  might  have  been 
predicted. 

The  immediate  cause  assigned  for  such  decompositions  is,  that 
a  ray  forcing  the  material  particles  on  which  it  falls  into  a  state 
of  rapid  vibration,  it  comes  to  pass  in  many  compound  molecules 
that  their  constituent  atoms  can  no  longer  exist  together  as  the 
same  group,  because  of  the  impossibility  of  their  being  animated 
by  consentaneous  or  conspiring  motions ;  and  dislocation,  re- 
arrangement, or  decomposition  is  the  result. 

University,  New  York, 
January  1,  1851. 


XLIX.   On  the  Principles  of  Hydrodynamics,  in  Reply  to  Professor 
Challis.     By  Professor  Stokes*. 

AFTER  briefly  referring  to  my  arguments  contained  in  a 
former  paper.  Professor  Challis  remarks  : — "  To  this  reason- 
ing an  answer  may  readily  be  given.  The  result  is  arrived  at  by 
introducing  a  motion  of  translation  of  the  ichole  mass,  which  is 
precisely  the  kind  of  motion  which  it  is  unnecessary  to  include 
in  the  hydi'odynamical  equations.^^  By  the  use  of  the  term  un- 
necessary, it  might  have  been  supposed  that  Professor  Challis 
admitted  that  it  was  allowable  to  include  such  a  motion,  which 
is  all  that  my  argument  requires.  Howevei",  a  few  lines  further 
on  we  find  :  "On  account  of  the  motion  which  alters  the  den- 
sity, pressure,  or  mutual  distances  of  the  fluid  particles  being 
wholly  independent  of  any  motion  of  translation  of  the  whole 
mass,  it  is  a  preliminary  step  in  any  hydrodynamical  problem  to 
get  rid  of  the  latter,  which  may  always  be  done  either  by  con- 
ceiving the  origin  of  coordinates  to  partake  of  the  motion  of 
translation,  or  by  impressing  it  on  the  mass  in  a  direction  oppo- 
site to  that  in  which  it  takes  place.  The  residual  motion,  or 
the  difi"erence  between  the  motions  of  the  particles  and  the  motion 
of  the  origin  of  coordinates,  is  all  that  is  considered  in  hydro- 
dynamics; and  if  the  axiom  under  discussion  applies  to  this 
motion,  it  possesses  the  requisite  degree  of  generality."  I  con- 
fess this  is  the  first  I  have  heard  of  the  necessity  of  any  such 
*'  preliminary  step,"  so  far  at  least  as  the  received  equations  are 
concerned.     As  the  statement  here  alluded  to  is  unsupported,  I 

*  Communicatetl  by  the  Author. 
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can  only  reply  that  I  defy  Professor  Challis  to  point  out  any 
step  of  the  reasoning  by  which  the  received  equations  are  esta- 
bhshed  which  requires  the  "  prehniinary  step  "  above  mentioned 
to  be  previously  taken,  in  other  words,  which  would  be  invalid 
did  u,  r,  IV  mean  the  components  of  the  ivhule  velocity  parallel 
to  the  coordinate  axes.  With  respect  to  the  new  axiom,  Professor 
Challis  has  of  course  a  right  to  use  his  own  words  in  his  own 
sense,  and  he  may  restrict  it  to  the  residual  motion.  But  then 
the  enunciation  is  faulty,  and  it  ought  to  be  : — Let  it  be  granted 
that  the  directions  of  relative  motion  in  each  element  of  the  fluid 
mass  may  at  all  times  be  cut  at  right  angles  by  a  continuous 
surface,  the  relative  motion  here  spoken  of  being  understood  to 
mean  the  resultant  of  the  actual  motion,  and  of  a  motion  of 
translation  equal  and  opposite  to  that  of  the  paiticle,  which,  at 
the  instant  considered,  is  situated  at  that  point  of  space  which 
has  been  chosen  for  origin  of  coordinates.  If  I  have  rightly  in- 
terpreted the  somewhat  vague  statement  of  Professor  Challis,  I 
can  only  say  that  the  axiom  under  discussion  does  not  apply  to 
this  motion.  To  take  a  simple  instance  of  failure,  letti=  — mi/, 
v  =  cox,  ic  =/{)•) —f{0) ,  where  r  =  \/ {x- + 1/"^) .  It  will  be  easily 
found  that  in  this  case  udx-\-vdy-\-wdz  is  not  integrabie  by  a 
factor,  except  for  two  particular  forms  of  the  function  /,  a  func- 
tion which  is  not  supposed  to  be  restricted  to  any  particular 
form. 

Pembroke  College, 
March  11,  1851. 


L.  On  the  Intei'pretation  of  the  Product  of  a  Line  and  a  Force. 
By  the  Rev.  M.  O'Brien,  M.A.,  late  Fellow  of  Caius  College, 
Cambridge,  and  Professor  of  Natural  Philosophy  and  Astro- 
nomy, King's  College,  London^. 

THE  following  interpretation  of  the  meaning  of  a  product 
when  one  factor  is  a  line  and  the  other  force,  appears  to 
me  to  be  one  of  considerable  importance,  and  well  deserving  the 
attention  of  mathematicians,  for  the  following  reasons.  First,  it 
is  an  interpretation  of  great  simplicity,  based  upon  and  imme- 
diately deducible  from  the  first  principles  of  symbolical  algebra, 
assuming  nothing  more,  in  fact,  than  the  well-known  generali- 
zation of  the  sign  +  which  makes  AB  +  BC  =  AC,  whether  AB 
and  BC  be  lines  drawn  in  the  same  dii'cction  or  not.  Secondly, 
the  results  deducible  from  this  interpretation  are  of  great  inter- 
est in  reference  to  geometry,  mechanics,  physical  optics,  astro- 
nomy.    Some  of  these  results  I  gave  in  a  paper  read  before  the 

*  Communicated  by  the  Author. 
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Cambridge  Philosophical  Society,  Nov.  1846,  and  published  in 
vol.  viii.  part  4.  of  the  Transactions.  Other  results  were  pub- 
lished in  subsequent  papers.  But  I  employed  a  new  notation 
to  express  these  results,  and  so  far  obscured  their  meaning.  I 
am  now  able  to  put  them  all  into  the  ordinaiy  notation  of  algebra 
without  introducing  anything  novel  in  principle,  or  assuming 
any  but  the  simplest  symbolical  laws. 

The  nature  of  the  proposed  intei-pretation  may  be  thus 
brieriv  stated.  If  u  denote  the  magnitude  and  direction  of  a 
right  line  AB  di-awn  from  a  given  origin  A,  and  U  the  magni- 
tude and  direction  of  a  force  supposed  to  act  at  A,  then  (1  +w)U 
denotes  the  force  U  acting  at  B,  and  uY  denotes  the  couple  com- 
posed of  the  forces  U  and  — U  acting  at  B  and  A  respectively. 

A  similar  interpretation  holds  with  reference  to  velocities,  or 
mere  lines  instead  of  forces. 

By  this  mode  of  interpretation,  the  various  statical  propositions 
which  constitute  the  theory  of  couples  and  the  conditions  of 
equilibrium  of  a  rigid  body  may  be  proved  with  extraordmary 
facilitv.  The  same  may  be  said  of  the  equations  of  motion  of  a 
rigid  body  about  a  point. 

In  what  follows  I  shall  very  briefly  explain  the  intei-pretation, 
and  exhibit  its  application  to  Statics. 

(I.)  If  U  be  the  symbol  of  the  force  AP  (fig.  1),  and  u  the 
symbol  of  the  line  AB,  it  may  be  sho^\'n,  as  follows,  that  the 
product  wU  represents  the  translation  of  the  point  of  application 
of  the  force  from  A  to  B,  the  magnitude  and  direction  being 
unchanged. 

Let  f{u,  U)  denote  that,  whatever 
it  be,  which  effects  this  translation  ; 
then  the  translation  from  A  to  any 
third  point  C  is  the  same  thing  as 
the  translation  from  A  to  B,  together 
^vith  the  translation  from  B  to  C ; 
also,  if  we  assume  ?^'  to  be  the  symbol 
of  BC,  u-\-u'  will  be  the  symbol  of 
AC ;  hence 

/{ (1/ +  e.'),U}=MU) +/(«',  U). 

Again,  it  may  be  easily  proved  that 

/{^,(U-fU')}=/(t.,U)+/(«,U'). 
Hence  it  follows,  according  to  the  first  principles  of  symbolical 
algebra,  that 

/{t/,U)  =  «U. 

It  appears  therefore  that  the  product  uY  denotes  that,  what- 
ever it  be,  which  translates  the  point  of  application  of  the  force 
U  from  one  extremity  of  the  line  w  to  the  other. 

N.B.  Nothing  here  is  determined  as  regards  the  order  of  the 
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factors  in  the  product  u\],  and  we  are  at  liberty  to  assume  that 
u\]  =  V.u  if  we  please.  It  will  not  be  found  necessary,  however, 
to  settle  anything  as  regards  this  point. 

(II.)   If  AP"  and  BP' (%.  2)  be 
two  forces  each  parallel  and  equal  Fig*  ^' 

to  P,  it  is  immediately  obvious, 
that,  the  couple  P'P"  being  applied 
as  in  the  figure,  the  force  AP  is 
thereby  translated  to  BP' :  the 
couple  P'P"  is  therefore  that  which  ,  ,--"'  A. 
translates  the  point  of  application  P  "''"~ 
of  the  force  U  from  A  to  B.  Hence 

we  have  the  following  important  sjTubolical  result,  viz.  the 
symbol  of  a  couple  is  the  product  uU,  where  u  denotes  the  line  AB, 
U  one  of  the  forces  of  the  couple  supposed  to  act  at  B,  and  —  U 
the  other  force  supposed  to  act  at  A. 

(III.)  If  we  suppose  that  all  the  forces  we  may  be  concerned 
with  act  on  the  same  rigid  body,  and  this  I  shall  always  do  ex- 
cept the  contrary  be  specified,  then,  since  a  force  may  be  sup- 
posed to  act  at  any  point  of  its  line  of  direction,  nothing  is  re- 
quired to  translate  the  point  of  application  when  u  and  U  coin- 
cide in  direction.  In  this  case  therefore  we  have  t^U  =  0;  that 
is,  the  product  of  u  and  U  vanishes  ivhen  u  and  U  coincide  in 
direction. 

(IV.)  Using  the  sign  +  in  full  generality,  and  assuming  that 
the  force  U  acts  at  the  origin  (which  we  shall  suppose  to  be  A), 
it  follows  that  U  +  2<U  is  the  symbol  for  the  force  U  supposed  to 
act  at  the  point  B,  u  being  the  symbol  of  AB.  Hence  we  obtain 
another  important  symbolical  result,  namely,  the  symbol  which 
denotes  a  force  U ,  ivhen  its  point  of  application  is  at  a  distance  u 
from  the  origin,  is  U+uU,  or  we  may  write  it  (l+u)U. 

(V.)  Hence,  if  U,  U',  U",  &c.  be  a  set  of  forces  which  act  on 
a  rigid  body  at  points  whose  distances  from  the  origin  are  re- 
spectively n,  u',  u",  &c.,  it  follows  that  the  combined  eflfect  of 
these  forces  is  represented  by  the  symbol 

2(U4-wU). 

(VI.)   Let  a,  /8,  7  denote  three  lines,  each  a  unit  of  length, 

drawn  parallel  to  three  rectangular  axes ;  also  let  A,  B,  C  denote 

three  forces,  each  a  unit  of  magnitude,  acting  parallel  to  the 

same  axes  respectively.     Let  x,  y,  z  be  the  projections  (expressed 

numerically)  of  the  line  n  on  the  three  axes,  and  X,  Y,  Z  the 

components  (expressed  numerically)  of  the  force  U  parallel  to  the 

three  axes.     Then  we  have  by  the  first  principles  of  symbolical 

algebra,  ,     o  ,  ^ 

°        '  u=ixa,-\-yp-rzy 

U  =  XA-hYB-hZC. 
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Fig.  3. 
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In  fig.  3,  a  and  7  are  repre- 
sented dra^\^l  from  the  origin  0, 
A  and  C  act  at  tlie  extremities  of 
the  Hnes  a.  and  7,  and  —A  and 
—  C  act  at  the  origin.  Now  these 
four  forces  are  equal  in  magnitude, 
and  act  along  the  sides  of  a  square 
in  opposing  directions;  they  there- 
fore balance  each  other.  But  by 
article  1 1.,  7  A  represents  the  couple 
A  and  —A,  and  aC  the  couple  C 
and  —  C  :  therefore  7A  +  aC  =  0. 
Hence  it  is  obvious  that 

7A  =  -  aC,     «B  =  -  /9A,     y8C  =  -  7B. 

Also  from  article  III.  it  follows  that 

aA  =  0,     /3B  =  0,     7C  =  0. 

(VII.)  By  articles  V.  and  VI.  the  symbol  of  the  combined 
effect  of  the  forces  U,  IT',  U",  &c.,  acting  the  points  u,  v!,  u",  &c. 
on  a  rigid  body,  is 

X{{l+x«  +  i/^  +  zy)(KA  +  YB  +  ZC)}, 
which,  by  the  results  in  article  VI.,  immediately  becomes 
A2X  +  BSY  +  C2Z 
+  uB^{xY~yX)+/3CX{ijZ-zY)+yAX{zX-xZ). 

Now  here  A,  B,  C  are  units  of  force  acting  at  the  origin 
parallel  to  the  three  axes ;  also  (by  article  II.)  ecB,  /SC,  7A  are 
couples,  each  a  unit  of  moment,  acting  in  the  three  coordinate 
planes  xy,  yz,  zx  respectively.  Hence  we  obtain  the  well-known 
statical  result,  that  the  set  of  forces  U,  U',  U",  &c.  are  equivalent 
to  the  three  forces  SX,  2Y,  SZ  acting  at  the  origin  along  the 
aixe?.x,y,z  respectively,  together  with  the  three  couples  S(a;Y—?/X), 
^{yZ  —  zY),  ^(^-X— ^Z)  acting  in  the  planes  of  xy,  yz,  zx  re- 
spectively. 

These  results  are  sufficient  to  show  the  meaning  and  use  of 
the  proposed  interpretation  of  the  product  of  a  line  and  a  force. 
In  a  paper  just  presented  to  the  Royal  Society  I  have  explained 
the  method  of  symbolizing  the  efi^ect  produced  by  the  translation 
of  any  directed  magnitiule,  such  as  a  force,  velocity,  traced  line,  or 
any  of  those  magnitudes  which  we  represent  on  paper  by  arroivs. 
If  U  denote  any  magnitude  of  this  kind,  and  u  any  line,  I  have 
shown  that  the  eiFect  produced  by  the  translation  of  U  along  u 
may,  under  certain  restrictions,  be  denoted  by  the  product  of  u 
and  U ;  and  I  have  pointed  out  the  statical  applications  of  the 
method,  of  which  the  result  just  given  in  art.  VII.  is  an  example. 
[To  be  continued. 1 
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LI.    On   the  Deportment  of  Vapour  diirinr/  its  Expansion  tinder 
different  circumstances.     By  K.  Clausius*. 

NOT  long  ago,  Mr,  Rankinef  and  myself  J  gave  utterance 
almost  contemporant'ously  to  the  proposition, — that  when 
the  saturated  vapour  of  water,  contained  in  a  vessel  ijnpervioua 
to  heat,  is  subjected  to  compression,  it  does  not  remain  saturated, 
but  can  part  with  a  certain  qiiantity  of  heat  without  being  pre- 
cipitated ;  and  conversely,  when,  under  the  same  circumstances, 
the  vapour  is  suffered  to  expand,  to  preserve  it  from  precipitation 
a  certain  amount  of  heat  must  be  imparted  from  without. 

In  connexion  with  this  proposition,  ]\Ir.  W.  Thomson,  in  a 
letter  to  Mr,  Joule,  refers  to  the  fact  "that  the  hand  may  be 
held  with  impunity  in  a  current  of  steam  issuing  from  the  safety- 
valve  of  a  high-pressure  boiler  §."  From  this  he  concludes,  that 
the  stream  of  vapour  carries  no  water  along  with  it,  and  holds 
that  this  conclusion  must  contradict  the  above  proposition,  if 
the  existence  of  a  source  of  heat  from  M'hich  the  vapom*  shall 
receive  a  quantity  sufficient  to  preserve  it  from  precipitation 
cannot  be  established.  This  source  he  finds  in  the  friction  which 
takes  place  during  the  issue  of  the  steam  from  the  orifice. 

Although  Mr,  Thomson  himself  observes,  in  the  course  of  his 
letter,  that,  according  to  the  mechanical  theory  of  heat,  different 
states  of  the  vapour  are  induced  by  different  methods  of  expan- 
sion, still  in  making  the  remark  cited  above  he  does  not  appear 
to  have  taken  this  circumstance  into  account.  He,  in  fact,  ap- 
plies the  proposition  to  a  case,  to  which,  according  to  its  deve- 
lopment, it  is  altogether  inapplicable.  For  vapour  escaping 
from  a  boiler  into  the  air  the  theory  would  give  a  totally  different 
result,  which  result  may  with  ease  be  deduced. 

From  the  innumerable  modifications  to  which  the  expansion 
of  the  steam  may  be  subjected,  I  will  choose  three  which  may 
be  considered  the  most  important,  and  in  which  the  essential 
differences  exhibit  themselves  with  peculiar  clearness. 

We  wall  consider  the  matter  as  subjected  successively  to  the 
two  following  conditions : — first,  that  the  vapour  during  its  ex- 
pansion has  to  overcome  a  resistance  which  corresponds  to  its 
entire  expansive  power;  and  secondly,  that  it  escapes  into  the 
open  air,  in  which  case  the  pressure  of  the  atmosphere  alone  is 
opposed  to  it,    AYe  will  further  consider  the  two  cases  embraced 

*  Translated  from  PoggendorfTs  AnnaJen,  vol.  Ixxxii.  p.  263. 

t  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xx.  part  1 .  p.  147; 
and  in  extract,  Pogg.  Ann.,  vol.  Ixxxi.  p.  1/2. 

+  Pogg.  Ann.,  vol.  Ixxix.  pp.  368  and  500,  [A  translation  of  this  valu- 
able paper  is  in  tjpe,  and  will  appear  as  soon  as  we  can  possibly  find  room 
for  it. — Eds.] 

§  Phil.  Mag.,  vol.  xxxvii.  p,  387 ;  and  Pogg.  Ann.,  vol,  Lxxxi.  p.  477- 
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by  the  last  condition ;  namely,  that  in  which  the  vapom*  is  sepa- 
rated from  water  and  left  to  itself  to  expand,  and  that  in  which 
the  vessel  which  contains  the  vapour  contains  water  also,  which 
by  its  evaporation  always  replaces  the  quantity  of  vapour  which 
escapes. 

First,  then,  suppose  a  unit  of  weight  of  vapour  at  its  maxi- 
mum density  to  be  contained  in  a  vessel  separated  from  water*, 
and  let  the  vapour  expand  itself  by  pushing  back  a  piston  for 
instance.  Let  us  suppose  that  the  vapour  in  each  stage  of  its 
expansion  exerts  against  the  piston  the  entire  expansive  force  due 
to  that  stage.  To  effect  this,  it  is  only  necessary  that  the  piston 
should  recede  so  slowly,  that  the  vapour  which  follows  it  can 
always  adjust  its  expansive  force  to  that  of  the  vapour  in  the 
remaining  portion  of  the  vessel.  During  the  expansion  so  much 
heat  is  to  be  communicated  to  the  vapoui',  or  abstracted  from  it, 
as  is  necessary  to  its  preservation  in  the  saturated  gaseous  state. 
The  question  is,  what  quantity  of  heat  is  here  necessary. 

To  this  case  the  proposition  expressed  by  Mr.  Rankine  and 
myself  applies.  The  work  executed  by  the  vapour  in  this  in- 
stance, and  the  quantity  of  heat  consumed  in  its  production,  are 
so  considerable,  that,  were  this  heat  supplied  from  the  vapour 
itself,  the  latter  would  be  cooled  to  an  extent  that  would  render 
the  retention  of  the  gaseous  condition  impossible.  It  will  there- 
fore be  necessary  to  communicate  heat  to  it  from  without. 

The  quantity  of  heat  to  be  communicated,  which  coiTcsponds 
to  an  alteration  of  temperature  dt,  I  have  expressed  in  my  former 
memoir  by  hdt,  where  h  is  a  negative  quantity ;  so  that  the  pro- 
duct hdt  for  increasing  temperatiu'es  is  negative,  and  for  de- 
creasing temperatures  is  positive.  The  value  of  h  in  the  case  of 
water  I  have  expressed  as  a  function  of  the  temperature  t  in 
equation  (33.) fj  thus: 

z     ^o^-      606-5 -0-695/-0-0000.2/2_0-0000003^ 

Zio-\-t 

If,  therefore,  the  quantity  of  heat  necessary  to  be  communicated 
to  the  unit  of  steam  when  its  temperature  changes  from  /j  to  t^ 
be  called  Qj,  we  have 


Q 


=f'^ydt, (1.) 


and  from  this  we  can  readily  calculate  the  value  of  Qj  for  each 
particidar  case.  For  example,  let  the  tension  of  the  vapoui*  at 
the  beginning  be  5  or  10  atmospheres,  and  let  the  expansion  be 

*  For  the  sake  of  brevity  I  ^^^ll  always  speak  of  water,  although  the  same 
holds  substantially  true  for  all  other  fluids, 
t  In  the  place  cited,  p.  521. 
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carried  on  until  the  tension  sinks  to  1  atmosphere.  According 
to  Kegnault's  determination,  we  must  set  /,  =  152°'2  or  =  180°'3, 
and  ^2=100'^;  from  this  we  obtain  the  values 

Q,  =  52-1  or  =74-9  units  of  heat.     .     .     .     (I.) 

As  second  case,  we  will  again  assume  that  a  unit  of  weight  of 
saturated  vapour  at  the  temperature  /,  above  100°  is  enclosed  in 
a  vessel  separated  from  water,  and  that  an  orifice  is  made  in  the 
vessel  through  which  the  vapour  can  issue  into  the  atmosphere. 
We  will  follow  it  at  the  other  side  of  the  orifice  until  a  distance 
is  attained  where  its  expansive  force  is  exactly  equal  to  the  atmo- 
spheric pressure,  the  vapour  being  sup])osed  to  remain  unmixed 
with  air,  and  inquire  how  much  heat  must  be  imparted  to  the 
entire  mass  of  vapour  during  its  passage,  so  that  it  may  remain 
throughout  gaseous  and  saturated. 

The  interior  work  which  the  \apour  has  to  execute  during  this 
expansion  is  exactly  the  same  as  in  the  first  case ;  for  here  the 
state  of  the  vapour  at  the  commencement  and  at  the  end  is  the 
same  as  there.  The  exterior  work,  on  the  contrary,  is  much  less ; 
for  while,  in  the  first  case,  the  resistance  at  the  commencement 
was  equal  to  the  tension  which  corresponds  to  the  temperature 
#1,  and  decreased  slowly  to  one  atmosphere,  in  the  present  in- 
stance the  resistance  is  only  one  atmosphere  from  beginning  to 
end.  The  amount  of  heat  converted  into  work  is  therefore  in 
the  present  case  less,  and  hence  a  much  smaller  quantity  is 
required  from  without  to  preserve  the  vapour  gaseous. 

That  this  difference  in  regard  to  the  quantity  of  heat  con- 
sumed actually  occurs,  is  ah*eady  established  with  complete  di- 
stinctness by  the  experiments  of  Joule  with  atmospheric  air*. 
He  found  that  by  pumping  air  into  a  rigid  vessel,  the  mode  of 
compression  here  being  analogous  to  the  first  of  the  above  two 
cases,  much  more  heat  was  developed  than  disappeared  when  the 
compressed  air  was  permitted  to  stream  into  a  space  where  the 
pressure  of  one  atmosphere  was  exerted,  the  process  here  being 
analogous  to  our  second  case.  These  two  quantities  were  nearly 
in  tlie  ratio  of  the  quantities  of  work  calculated  according  to  the 
foregoing  principles. 

In  order  to  carry  out  the  calculation  in  our  case,  we  must,  in 
reality,  besides  the  resistance  of  the  atmosphere,  take  two  other 
quantities  into  account ;  namely,  the  resistance  due  to  the  fric- 
tion of  the  vapour  as  it  issues,  and  the  work  which  must  be  ex- 
pended to  conmiunicate  to  the  vapour  the  motion  which  it  still 
possesses  at  the  point  whci'c  its  tension  is  equal  to  the  pressure 
of  the  atmosphere.     To  overcome  the  friction,  a  certain  quantity 

*  On  the  Changes  of  Temperature  produced  by  the  Rarefaction  and 
Condensation  of  Air,  by  J.  P.  Joule.     Phil.  Mag.  vol.  xxvi.  p.  369. 
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of  heat  must  be  consumed ;  by  tlie  friction^  however^  heat  will 
be  again  developed;  and  although  a  portion  of  this  is  conducted 
away  by  the  surrounding  mass,  still  the  remaining  portion  com- 
municates itself  to  the  vapour.  It  is  here,  however,  evident  that 
the  effect  of  friction  does  not,  as  Mr.  Thomson  supposes,  exhibit 
itself  in  a  gain  of  heat,  but,  on  the  contrary,  in  a  loss  of  heat ; 
the  latter,  however,  not  corresponding  to  the  entire  quantity  of 
work  expended  in  overcoming  the  friction,  but  only  to  a  portion 
thereof.  We  will  neglect  this,  and  also  the  loss  arising  from  the 
second  circumstance  alluded  to,  which  is  undoubtedly  incon- 
siderable,— in  this  way  the  calculation  is  rendered  veiy  simple. 
It  is  here  necessary  to   subtract  from  the  amoimt  of  heat 

I    'hdt  found  in  the  former  case,  the  heat  which  corresponds  to 

the  difference  of  the  quantities  of  exterior  work  produced  in  both 
cases.  Let  p  be  the  tension  of  the  vapour  for  the  temperature  t, 
and  s  the  volume  of  the  unit  of  weight  belonging  to  this  tempe- 
rature. Further,  let  p^  and  p^  be  the  values  oi p,  and  s-^  and  s^ 
the  values  of  s  at  the  commencement  and  at  the  end  of  the  ope- 
ration, JO2  being,  according  to  our  assumption,  the  pressure  of 
one  atmosphere ;  the  exterior  work  then  is — 

pds, 

1 

in  the  second  case  s=  /    'p^ds. 

The  corresponding  amounts  of  heat  are  obtained  by  multi- 
plying these  quantities  by  the  equivalent  of  heat  for  the  unit  of 
work,  which  equivalent  I  have  formerly  denoted  by  A.  If  Q2 
express  the  quantity  of  heat  sought,  which  is  required  by  the 
unit  of  vapour  as  it  issues,  we  must  set 

Q^=  f'hdt-A  f'pds  +  A  f'^pc^ds.    .     .     .     (2.) 

c/  /l  »J  Si  ^  Si 

It  is,  however,  evident  that 


X 


and 


'p^ds=p^{s.y    5,), 


/^S«  /^p.2 

/     pds=pc,{s-a)-p^{s^-(T)-/      {s-a)dp 
%J  Si  *y  Pi 

=p^{s  -  a)  -p,  {s,  -  o)  -y^  \s-<T)-^dt, 

where  a-  is  an  arbitrai-y  constant ;  for  this  we  will  set  the  volume 
of  a  unit  of  weight  of  water,  the  alteration  of  which  with  the 
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chancre  of  temperature  may  be  so  mucli  the  more  neglected,  in- 
asmuch as  the  entire  volume  of  the  water  is  scarcely  deserving 
of  notice.     This  expression  introduced  into  (2.)  gives 

Q.=  y^     p  +  A(s-<r)|J^/  +  A;,,(.,-o-)(l-^^).  (3.) 

The  sum  h  +  K{s  —  a-)-j-  is,  according  to  equation  (III.)  of  my 

dr 
former  memoir*,  =  j-  +c;  and  this  sum  again,  according  to 

the  determinations  of  Reguault,  is  nearly  a  constant  quantity, 
viz.  0"305.     Equation  (3.)  thus  passes  into 

Q-2=-0-305(/,-g+A;,,(.-^)(l  +  f^).        .     (4.) 

The  only  unknown  quantity  here  is  A.p^{s^—<T),  and  this  can  be 
expressed  as  a  function  of  the  temperature  at  the  commencement 
by  means  of  equation  (26.)  of  my  former  niemoirt;  so  that  for 
every  commencing  pressure  and  the  corresponding  commencing 
temperatui'e  the  value  of  Q^  may  be  calculated.  Supposing,  for 
example,  the  pressure  at  the  commencement,  as  in  the  former 
case,  to  be  live  or  ten  atmospheres,  we  obtain 

Q2  =  19"o  or  =17"0  units  of  heat.     .     .     (II.) 

As  Qo  is  a  positive  quantity,  it  follows  that  in  this  case  also  heat 
must  not  be  withdrawn,  but  on  the  contrary  communicated,  to 
preserve  the  vapour  from  partial  precipitation,  which,  however, 
would  take  place  not  only  at  the  orifice,  but  also  within  the 
vessel.  The  quantity  of  vapour  thus  precipitated  would  be 
smaller  than  in  the  former  case,  inasmuch  as  Qj  i^  less  than  Qj. 

It  may  appear  singular  that  the  equation  (II.)  gives  for  a 
commencing  pressure  of  five  atmospheres  a  greater  quantity  of 
heat  than  for  ten  atmospheres.  This  is  explained  by  the  fact, 
that  under  a  pressm-e  of  five  atmospheres  the  volume  of  the 
vapour  is  already  so  small,  and  under  ten  atmospheres  is  only 
reduced  to  one-half  the  volume,  that  the  increase  of  work  thus 
rendered  necessary  during  the  issue  of  the  vapour  is  more  than 
compensated  by  the  excess  of  the  sensible  heat  in  the  one  state 
over  that  in  the  other,  the  vapour  being  heated  in  one  case  to 
180°-3,  and  in  the  other  case  to  152°-2. 

This  second  case  which  we  have  just  considered  can  be  applied 
w4th  some  degree  of  approximation  to  the  case  of  vapour  issuing 
without  expansion  from  the  cylinder  of  a  high-pressm'C  engine 

*  L.c.  p.  389.  t  L.  r.  p.544. 


during  its  Expansion  under  different  circumstances.         403 

after  the  completion  of  work,  if  we  assume  that  the  vapour,  as 
long  as  it  remains  in  connexion  with  the  boiler,  is  completely 
gaseous  and  at  the  same  time  completely  saturated.  In  engine  s 
where  the  expansive  principle  is  applied,  the  first  case  becomes 
applicable  from  the  moment  when  the  steam  is  shut  off  and  the 
piston  is  driven  by  expansion  alone.  Strictly  speaking,  the  case 
applies  to  those  engines  only  in  which  the  expansion  continues 
until  the  pressure  within  is  equal  to  that  of  the  atmosphere  ;  and 
even  here  the  correspondence  would  not  be  perfectly  exact,  inas- 
much as  the  heat  developed  by  the  friction  of  the  piston  must 
certainly  be  considerable*. 

We  will  finally  apply  ourselves  to  the 
consideration  of  the  third  case,  that  is 
to  say,  to  the  case  to  which  the  remark 
of  Mr.  Thomson  refers.  Let  the  vessel 
ABCD  (see  the  accompanying  figure) 
be  supposed  to  be  filled  with  water  to 
EF,  and  from  here  upwards  to  be  filled 
with  steam.  Let  GJ  be  the  orifice, 
connected  with  which  is  a  neck  GJKM, 
which  widens  slowly  and  renders  the 
expansion  of  the  vapour  more  regular. 
This  is  not  essential,  but  is  merely  as- 
sumed to  render  the  conception  of  the 
matter  easier.  By  the  application  of 
a  proper  soui'ce  of  heat,  let  the  water  be  preserved  at  the  con- 
stant temperatm-e  t,  so  that  the  vapoui*  which  escapes  shall  be 
continually  replaced  by  the  newly  developed,  the  state  of  things 
as  regards  the  issue  of  the  vapour  being  thus  preserved  stationary. 

Let  GH  J  represent  a  sui'face  in  which  the  vapour  which  passes 
has  throughout  the  expansive  force  p^,  the  temperature  t^,  and 
the  volume  Vi,  which  exist  within  the  vessel,  and  with  which  the 
new  vapour  is  developed.  Let  KLM,  on  the  other  hand,  repre- 
sent a  surface  in  which  the  vapour  which  passes  has  throughout 
the  expansive  force  pc^  that  is,  of  one  atmosphere,  the  vapour 
being  supposed  to  be  mimixed  with  air.  During  the  passage  of 
the  vapour  from  GHJ  to  KLM  let  heat  be  continually  with- 

*  Remark. — In  connexion  with  the  proposition  which  apphes  to  the  first 
case,  I  cited  in  my  former  memoir  the  experiment  made  by  Pambour  «ith 
the  steam  proceeding  from  a  high-pressure  engme  after  the  comiiletion  of 
work.  I  deemed  it  sufficient  to  notice  the  fact,  that  Pambour  did  not  find 
a  higher  temperature  than  that  which  cm-responded  to  the  j)ressm'e  observed 
at  the  same  time,  although  accorfhng  to  the  common  theory  he  must  have 
done  so.  To  require  from  such  oljservations  that  the;,'  shall  exhibit  the 
exact  quantit}'  of  water  mixed  with  the  vapoiu*  which  the  theory  gives, 
would,  for  the  reasons  given  above,  and  on  account  of  many  other  simidta- 
neous  causes  of  distm-bance,  be  unjustifiable. 

2E2 
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drawn  or  communicated,  so  that  tlic  vapour  may  remain  com- 
pletely iraseous  and  quite  saturated,  and  hence  at  the  surface 
KLM  shall  have  the  exact  temperature  /2  =  100°,  and  the  corre- 
s})onding:  volume  s.^.  The  question  is,  what  quantity  of  heat 
Q3  must  be  im})arted  to,  or  withdrawn  from,  the  issuing  steam  so 
that  this  condition  shall  be  fulfilled. 

The  interior  work  performed  by  the  vapour  during  its  issue  in 
the  present  instance  is  exactly  the  same  as  in  the  other  cases. 
AVith  regard  to  the  exterior  work,  however,  an  entirely  new  cir- 
cumstance enters  into  the  consideration,  which  renders  this 
case  essentially  different  from  the  former  ones. 

Let  us  examine  the  quantity  of  work  produced  at  hath  the 
surfaces  GUJ  and  KLM.  Through  the  surface  GHJ  the  vapour 
is  di'iven  with  the  volume  s^  and  the  pressure  p^,  it  therefore 
produces  the  work 

This  work  proceeds  from  the  vapour  within  the  vessel,  and  more- 
over only  from  that  portion  of  it  which,  during  the  time  of  issue, 
is  developed  anew.  To  obtain  room  for  itself,  this  presses  the 
neighbouring  stratum  forwards,  this  the  next,  and  so  on.  The 
intervening  layers  thus  serve  merely  to  transmit  the  force  from 
the  surface  of  the  water  to  the  orifice.  The  quantity  of  heat 
consumed  in  the  production  of  this  work  is  contained  in  the 
latent  heat  of  the  developed  steam,  and  need  not  in  the  present 
consideration  be  further  taken  into  account. 

If  now  in  the  surface  KL^l  exactly  the  same  work  be  pro- 
duced as  in  GHJ,  then  in  the  interval  between  both  surfaces  no 
proper  work  is  produced,  inasmuch  as  in  this  case  there  would 
be  merely  a  transmission  of  work  from  one  surface  to  the  other. 
If,  on  the  contrary,  the  work  accomplished  at  the  surface  KLM 
be  different  from  that  produced  at  GHJ,  the  difference  must  be 
referred  to  the  said  interval.  But  through  KLM  the  unit  of 
weight  of  steam  with  the  volume  Sg  and  the  pressure  p^  is  driven, 
and  hence  produces  the  work 

The  work  performed  iu  the  intervening  space  is  then 

which  is  a  negative  quantity.  This  shows,  that,  during  the 
passage  from  surface  to  surface,  a  portion  of  the  exterior  work 
already  completed  is  again  lost. 

The   quantity  p^^-St^—piS^  must  be  treated  as  the  quantity 

/    p^ds  in  the  second  case ;  in  this  way  we  obtain  the  following 

equation,  which  corresponds  to  equation  (2.) : 
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Qs=/^'^idt—Aj''pds  +  A{pc,.S2-Pi.s^).       .     (5.) 

Subjecting  this  equation  to  tlie  same  process  as  that  appUed  in 
the  deduction  of  equation  (4.)  from  equation  (2.)^  and  neglecting 
the  members  which  contain  the  factor  <t,  we  obtain 

Q3=-0-30o(/i-/.2) (6.) 

Calculating  from  this  the  numerical  value  of  Q3  for  a  commen- 
cing pressure  of  five  or  ten  atmospheres,  we  obtain 

Qgrr— 15-9  or  =-24-5  units  of  heat.     .     .     (HI.) 

The  value  of  Q3  being  negative,  it  follows  that  in  this  case 
heat  is  not  to  be  communicated,  but,  on  the  contrary,  must  be 
withdrawn,  the  quantity  being  the  same  as  that  found  by  apply- 
ing the  common  theory  of  heat.  If  this  withdrawal  up  to  the 
place  under  consideration  be  not  sufficiently  effected,  then  the 
vapour  at  this  place  will  have  a  temperature  which  exceeds  100°; 
and  hence,  if  water  be  not  mechanically  carried  along  with  the 
vapour,  the  latter  must  be  completely  dry. 

It  is  thus  shown  that  the  friction  is  not  necessary  to  the  ex- 
planation of  the  fact  adduced  by  Mr.  Thomson ;  the  effect  of  this 
friction,  as  already  mentioned,  being  exactly  opposite  to  what  he 
supposes  it  to  be.  The  loss  of  heat  arising  from  this  cause  is 
not  reckoned  above.  In  such  cases  as  the  issuing  of  steam  from 
the  safety-valve  of  a  high-pressure  engine,  this  loss  is  by  no 
means  capable  of  effecting  the  consumption  of  the  quantity  of 
heat  found  by  equation  (6.j. 


LII.   On  the  Theory  of  the  Velocity  of  Sound. 
By  Professor  Challis. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
A  S  my  name  has  been  mentioned  in  connexion  with  the  dis- 
■^^  cussion  now  going  on  in  your  Journal  respecting  the  theo- 
retical velocity  of  sound,  and  as  I  have  already  ventured  to  call 
in  question  the  usual  method  of  accovmting  for  the  excess  of  the 
obsei'ved  velocity  above  the  Newtonian  value,  I  beg  to  be  allowed 
to  say  a  few  words  in  explanation  of  my  views  on  this  subject. 

The  course  of  reasoning  which  led  me  to  a  different  theory  of 
the  velocity  of  sound  from  that  usually  adopted,  may  be  stated  in 
general  terms  as  follows.  In  the  treatment  of  hydrodynamical 
problems  according  to  the  received  principles,  contradictions  of 
a  peculiar  nature  are  met  with,  which  indicate  that  those  prin- 
ciples are  either  erroneous  or  defective.  In  communications 
made  from  time  to  time  to  the  Philosophical  ^Magazine,  I  have 
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distinctly  pointed  out  such  contradictions.  In  the  prosecution 
of  my  hych-odynamical  researdies,  I  discovered,  that  in  addition 
to  the  recognized  principles  of  hydrodynamics,  another  not  previ- 
ously noticed  is  equally  necessary,  viz.  that  the  directions  of  motion 
in  each  element  in  successive  instants  must  be  normals  to  conti- 
nuous surfaces.  The  introduction  of  this  principle  gives  the  means 
of  treating  hydrodynamical  questions  in  an  entirely  new  manner, 
and  gets  rid  of  the  above-mentioned  contradictions.  By  making 
use  of  it,  I  have  ascertained,  prior  to  the  consideration  of  any  case 
of  disturbance  of  the  fluid,  that  the  general  hydrodynamical  equa- 
tions admit  of  a  particular  and  unique  solution  which  involves 
no  arbitrary  functions,  and  that  from  such  solution  all  the  cir- 
cumstances of  the  motion  which  are  not  under  our  control,  and 
therefore  not  expressed  by  arbitrary  functions,  are  to  be  deduced. 
It  may  readily  be  conceived  that  this  particular  solution  satisfies 
the  hydrodynamical  equations  at  the  same  time  that  they  may 
be  satisfied  in  an  infinite  variety  of  ways  by  solutions  involving 
arbitrary  functions,  just  as  a  common  diff'erential  equation  is 
simultaneously  satisfied  by  a  particular  solution  and  the  general 
integral,  the  former  not  containing^  and  the  latter  containing, 
arbitrary  quantities. 

The  above  principles  applied  to  a  compressible  fluid  conducted 

/         ^ 
me  to  the  expression  a \/  \-\ ^  for   the   velocity    of  sound, 

which  agrees  nearly  with  obsenatiou,  a  being  the  Newtonian 
value.  I  recognized  also  that  this  result  ditfered  from  that 
hitherto  obtained  on  hydrodpiamical  principles,  solely  on  account 
of  its  being  deduced  prior  to  the  consideration  of  any  case  of 
motion,  the  determination  of  the  velocity  of  propagation  in  the 
usual  method  being  made  to  depend  on  an  assumed  case  of 
motion.  The  particulars  of  the  reasoning  by  which  the  above 
result  was  obtained  are  scattered  over  diff"erent  Numbers  of  the 
Philosophical  Magazine,  and  on  this  account  it  may  l)e  difiicult 
to  trace  them.  I  propose  in  the  continuation  of  the  resume  of 
my  hydrodynamical  researches  which  I  have  connnenced  in  this 
Journal,  to  present  in  detail  the  course  of  reasoning  which  I  have 
here  indicated  only  in  general  terms. 

From  the  above  statement  it  will  appear,  that  the  method 
which  I  advocate  determines  the  velocity  of  sound  exclusively  on 
hydrodynamical  principles.  The  received  method  of  accounting 
for  the  difl'erence  between  the  Newtonian  and  the  observed  value 
rests  on  hypotheses.  Now  as  it  is  contrary  to  sound  philosophy 
to  explain  by  an  hj-pothesis  what  may  be  explained  without  an 
hypothesis,  I  am  compelled  by  my  reasoning  to  conclude  that 
those  hypotheses  are  inadmissible.  To  reconcile  this  conclusion 
with  what  is  observed  respecting  the  efi'ect  of  heat  developed  by 
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sudden  condensation  of  the  air,  1  suggested  that  as  experiment 
only  showed  that  the  effect  is  to  raise  the  temperature  when  the 
developed  heat  acts  on  a  very  limited  portion  of  air,  we  are  not 
justified  in  supposing  the  same  effect  to  take  place  when  the  air 
is  unlimited;  and  that  the  developed  heat,  being  in  the  first 
moment  of  its  generation  in  the  state  of  radiant  heat,  and  being 
allowed  to  radiate  indefinitely,  does  not  sensibly  change  the  tem- 
perature of  the  ail*  at  the  position  where  it  is  generated.  This 
is  the  supposition  which  Professor  Stokes  alludes  to  in  the  April 
Number  of  the  Philosophical  Magazine,  p.  306. 

As  some  advocates  of  Laplace^s  theory  are  of  opinion  that  that 
theory  assigns  a  vera  causa  for  the  excess  of  the  velocity  of  sound 
above  Newton's  value,  in  refutation  of  that  opinion  I  appeal  to 
Laplace's  exposition  of  his  own  views.  It  is  clear  that  he  thought 
it  necessary  to  establish  the  theory  upon  certain  laws  of  the 
action  of  caloric  on  the  atoms  of  matter,  of  the  atoms  of  caloric 
on  each  other,  and  of  the  relations  of  free  and  latent  heat.  But 
in  the  existing  state  of  our  knowledge  of  the  theory  of  heat,  these 
laws  can  only  be  regarded  as  hypothetical.  The  supporters, 
however,  of  Laplace's  theory,  instead  of  referring  to  these  views, 
have  substituted  hypotheses  of  a  different  kind,  leading  to  the 
same  results.  Li  the  article  by  Professor  Stokes  already  referred 
to  (p.  306),  these  hypotheses  are  introduced  in  the  following 
terms  :  "  That  in  the  case  of  small  sudden  condensations  (positive 
or  negative)  the  increase  of  temperature  is  ultimately  propor- 
tional, ccetei'is paribus,  to  the  condensation,  will  not,  it  is  presumed, 
be  called  in  question."  In  this  sentence  there  are  involved 
three  distinct  and  unsupported  hypotheses :  first,  that  there  is 
increase  of  temperature  in  fluid  of  unlimited  extent,  experiment 
only  proving  that  this  is  the  case  when  the  fluid  is  confined 
within  narrow  limits;  secondly,  that  this  increment  of  temperatm'e 
is  in  exact  proportion  to  the  increment  of  density  ;  thirdly,  that 
the  increments  of  temperature  are  simultaneous  with  the  gene- 
ration of  the  increments  of  heat  by  which  they  are  produced, 
whereas  all  analogy  w^ould  lead  us  to  expect  that  time  must  elapse 
between  the  effect  and  the  generation  of  the  cause  producing  the 
effect.  For  these  reasons  I  assert  that  Laplace's  theory,  in  what- 
ever way  it  be  viewed,  rests  on  hypotheses. 

It  is  unnecessary  for  me  to  make  any  remark  on  the  investi- 
gation by  which  Professor  Stokes  determines  the  effect  of  the 
radiation  of  heat  on  the  pi-opagation  of  sound,  because  that  in- 
vestigation proceeds  on  the  hypothesis  of  that  very  increase  of 
temperature,  the  reality  of  which  it  has  been  the  purport  of  the 
foregoing  observations  to  call  in  question,  and  the  object  of  it  is 
to  calculate  the  effect  of  radiation  due  to  such  increase  of  tem- 
perature. 
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I  may  be  permitted  to  add,  that  Professor  Potter's  determi- 
nation of  the  velocity  of  sound  is  also  hypothetical.  Supposing 
his  method  to  apply  to  a  continuous  Huid,  such  as  the  air  is  con- 
sidered to  be  when  treated  hydrodynamically,  it  amounts  to  assu- 
ming, that,  together  with  a  moticm  of  the  fluid  along  a  fixed 
axis,  there  is  a  motion  transverse  to  that  axis.  By  a  certain  rela- 
tion between  these  two  motions,  an  elementaiy^  portion  of  the 
fluid  situated  on  the  axis  may  remain  of  a  cubical  form  in  two 
successive  instants,  while  it  changes  its  size.  But  an  unlimited 
number  of  such  relations  may  be  arbitrarily  assumed,  each  of 
which  coiTCsponds  to  a  certain  change  of  form  of  the  element 
and  a  certain  velocity  of  propagation.  How,  then,  is  that  par- 
ticular relation  to  be  selected  which  gives  the  actual  velocity  of 
propagation  ?  The  hydrodynamical  researches  of  which  I  have 
spoken  abo\  e,  conduct  to  the  general  result,  that  vibratory  motion 
of  a  compressible  fluid,  so  far  as  it  is  independent  of  any  arbi- 
trary disturbance,  consists  of  motion  ])artly  along,  or  parallel  to, 
an  axis^  and  partly  transverse  to  the  axis,  and  determine  a  rela- 
tion between  the  two  motions,  such  that  the  resulting  velocity 
of  sound  is  that  of  which  I  have  already  given  the  expression. 
I  am,  Gentlemen, 

Your  obedient  Servant, 

Cambridge  Observatorv.  J.  Ch  ^LLIS. 

April  17,  1851. 

LIII.  A  Reply  to  the  Objections  advanced  against  the  paper  on 
Sound,  in  the  February  Number.    By  Professor  Potter,  A.M.* 

I  WAS  much  surprised  to  find  so  complete  a  misapprehension, 
of  what  is  meant  by  the  atomic  constitution  of  bodies,  could 
be  entertained  by  the  llev.  ]\lr.  Haughton,  as  is  shown  in  his 
paper  in  the  last  Number  of  the  Magazine. 

The  contraction  of  bodies  in  volume  under  the  greatest  de- 
grees of  cold  which  are  known,  shows  that  the  ponderable  parts 
of  bodies  cannot  be  considered  to  be  in  contact,  but  must  be 
siu'rounded  by  imponderable  atmospheres.  The  only  philoso- 
phical view  which  can  be  taken  of  the  actual  state  of  bodies  is 
that  of  ec|uilibrium  under  the  action  of  opposing  forces.  In 
solids  and  liquids  we  have  the  attractions  of  the  ponderable 
atoms  for  each  other  balanced  by  the  repulsion  of  the  caloric, 
M'hich,  though  not  affecting  its  mass  or  weight,  nnist  be  consi- 
dered as  an  essential  portion  of  the  body  in  its  actual  state.  In 
gases,  the  rcpulsi\e  force  due  to  the  caloric  requires  an  external 
pressure  in  order  to  produce  equilibrium.  We  hence  have  no 
means  of  judging  of  the  actual  form  of  the  ponderable  part, 
mass,  or  nucleus  of  an  ultimate  atom,  as  Mr.  Haughton  seems 
*  Communicated  bv  the  Author. 
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to  think  when  he  speaks  of  a  cubical  or  spherical  form,  as  the 
actual  form  of  an  atom.  By  the  laws  of  mechanics,  however,  in 
the  case  of  such  balancing  forces  as  we  have  considered,  we  know 
that  when  the  atoms  have  freedom  of  motion,  as  in  liquids  and 
gases,  the  only  arrangement  for  equilibrium  must  be  one  of 
symmetry,  or  what  is  meant  by  a  cubical  arrangement  of  the 
atoms.  The  supposition  of  equilibrium  is,  however,  only  ap- 
proximate, because  bodies  are  perpetually  changing  their  tem- 
perature, and  hence,  also,  the  relative  positions  of  the  atoms  are 
perpetually  changing  in  liquids  and  gases,  although  their  relative 
distances  change  only  in  such  a  degree  as  not  to  affect  largely, 
in  general,  the  result  of  other  impressed  actions  in  the  fluid. 
Mr.  Haughton  has  omitted  to  see  that,  in  using  the  words  '^  cube 
attributed  to  the  atom/^  I  meant  what  I  have  explained  above, 
expecting  that  any  reader  of  the  Philosophical  Magazine  who  had 
studied  natural  philosophy  would  be  familiar  with  what  is  meant 
by  the  "atomic  constitution  of  bodies.'^ 

Now  in  solving  any  problem,  we  are  at  liberty  to  take  the 
simplest  mode  of  solution ;  and  to  take  it  for  any  possible  case ; 
when  necessary,  making  the  corrections  upon  it  afterwards  if 
they  are  only  small.  Thus  in  finding  the  expression  for  the 
pressure  acting  in  any  direction  upon  an  atom  in  vibratory  motion, 
I  was  evidently  at  liberty  to  consider  contiguous  atoms  as  situated 
in  the  line  of  that  direction  ;  but  I  was  not  at  liberty  to  consider 
the  fluid  as  reduced  to  such  a  line  of  atoms  in  discussing  the 
equation  of  motion  for  that  atom,  unless  the  result  could  be 
shown  to  be  the  same  as  for  a  mass  of  fluid. 

Mr.  Haughton' s  mathematical  investigations  in  the  last  Num- 
ber of  the  Magazine  are  for  a  line  of  atoms  only,  and  are  what  I 
arrived  at  myself  in  my  preliminary  investigations,  when  I  ac- 
cordingly thought,  as  he  still  does,  that  the  introduction  of  the 
doctrine  of  atoms  made  no  change  in  the  solution  of  the  problem 
of  sound.  I  soon,  however,  saw  that  it  was  not  a  legitimate 
method,  but  that  the  atom  must  be  considered  one  in  a  mass  of 
fluid,  and  not  one  in  a  line  of  atoms.  This  showed  me,  that,  in 
deducing  the  pressure  acting  upon  an  atom  from  that  upon  a 
unit  of  area  in  a  fluid,  a  definite  area  must  belong  to  that  atom 
in  whatever  direction  the  pressure  were  considered ;  the  law  of 
the  equalization  of  density  being  involved  in  the  expressions 
always  hitherto  used  for  gases.  This  value  of  the  area  for  pj-es- 
sure,  considered  as  the  face  of  a  cube  or  otherwise,  is  consequently 
correctly  put  (28y)^  in  my  paper  on  Sound  in  the  February 
Number,  and  my  result  is  the  tme  one. 

As  to  Mr.  Stokes's  objection  to  my  using  Boyle's  law,  it  is 
based  on  Poisson's  assumption  discussed  by  me  in  the  last  Num- 
ber, and  its  value  is  to  be  taken  accordingly. 

London,  April  10,  1851. 
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LIV,   On  Poisson's  investigation  of  the  Theory  of  Sound. 
%W.  J.  Macquorn  Rankine,  C.E.,  F.R.S.E.,  F.R.S.S.A.  &;c* 

PROFESSOR  POTTERt  conceives  that  he  has  found  a  defect 
in  the  reasoning  of  Poisson's  investigation  of  the  velocity  of 
sound  in  air,  in  the  following  respect. 

Poisson  supposes,  that  when  the  density  of  a  gas  is  changed 
in  the  ratio 

l+s, 

s  being  a  very  small  fraction,  the  pressure  is  changed  in  the  ratio 

1+s  +  <t; 

and  remarks,  "  A*  cause  de  la  petitesse  de  s,  on  peut  supposer 
cette  quantite  cr  proportionelle  a  s,  et  faire 

/S  etant  un  coefficient  positif  et  independant  de  s." 

The  proportionality  of  o-  to  s  is  considered  by  Professor  Potter 
to  be  a  pure  assumption.  Poisson,  however,  gives  a  reason  for 
it,  viz.  "}\  cause  de  la  petitesse  de  s;"  and  this  reason  is  a  suffi- 
cient one. 

For  let  Pq  and  /Oq  be  the  pressure  and  density  in  their  undis- 
turbed state,  and 

P=Po  +  ^P,     P  =  Po  +  ^P 
those  in  the  disturbed  state,  and  let 

p  =  <}>p. 
Then  by  Tayloi-'s  theorem, 

Bp  =  </)'/?o  •  V  +  2  ■  ^"Po  •  ^P^  +  &c. ; 

or,  in  the  notation  adopted  by  Poisson, 

p        p  ^ '  ^        2     p       '^^ 
which,  "  k  cause  de  la  petitesse  de  s,"  is  sensibly  equal  to 

S+'^=^^'P0'S, 

Po 
and  —  (fi'pQ,  which  is  equivalent  to  1  +  /3  in  Poisson's  notation, 

is  a  coefficient  independent  of  s,  whatsoever  may  be  the  form  oi^p. 
With  reference  to  the  concluding  remark  of  Professor  Pottei'^s 
paper,  I  have  to  state,  that  my  reason  for  considering  any  theory 
of  sound  objectionable,  according  to  which  different  portions  of 
the  same  wave  travel  wuth  different  velocities,  is,  that  sounds 

*  Communicated  by  the  Author, 
t  Page  318. 
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transmitted  iu  that  manner  would  alter  in  character  with  the 
distance  of  transmission  to  an  extent  inconsistent  with  observed 
facts. 

I  am  gratified  to  find^  that  the  account  which  I  have  given  of 
Laplace'"s  theory  of  soimd  is  approved  of  by  Professor  Stokes  and 
by  Mr.  Haughton. 

London,  April  2,  1851. 


LV.  Minei'alogical  Notices. 

ENARGITE.       BY  MM.  BREITHAUPT  AND  PLATTXER. 
[Poggendorff's  Annalen,  vol.  Lxxx.  p.  383.] 

THIS  mineral  constitutes  a  ven,'  abundant  ore  of  copper,  which 
is  worked  at  Morococha,  district  of  Jouli,  in  the  Cordilleras  of 
Peru.  It  occurs  there  in  general  in  compact  masses,  containing 
sometimes  crystalline  dinises,  and  forming  a  vein  in  a  crvstalline 
limestone  accompanied  by  Tennautite  and  copper  and  iron  pvrites. 
This  mineral  has  rather  a  lively  metallic  lustre  analogous  to  that 
of  oxide  of  manganese  (acerdese  or  manganite) ;  its  colour  is  black, 
and  hkewise  its  powder.  Its  crystalline  form  appears  to  belong 
to  the  right  rhombic  prism ;  the  crystals  have  generally  the 
primaiy  prism  based  and  truncated  upon  the  vertical  ed2:es 
parallel  to  tbe  diagonal  planes.  The  angle  of  the  prism  could 
be  accurately  measured;  it  is  98"^  11'.  M.  Breithaupt  obsen-es, 
that  such  a  prism  might  be  derived  in  a  veiy  simple  manner 
from  a  prism  of  120°;  it  would  then  have  the  fommla  3ff  :  2b; 
this,  however,  is  merely  accidental,  as  the  crj^stals  do  not  exhibit 
the  conditions  of  symmetry'  which  would  pertain  to  a  regular 
hexagonal  prism. 

Enargite  exhibits  two  perfect  cleavages  parallel  to  the  faces  of 
the  primary  prism ;  there  are  likewise  distinct  cleavages  in  the 
dii-ection  of  the  diagonal  planes,  and  an  indistinct  cleavage  in 
the  direction  of  the  base.  The  fractm'e  is  uneven  :  it  is  brittle 
and  easily  pulverized ;  hardness  exactly  equal  to  that  of  calcareous 
spar;  specific  gi'a\ity  •1-430  to  4-445.  It  is  readily  distinguished, 
according  to  M.  Breithaupt,  by  the  perfect  nature  of  its  two  pris- 
matic cleavages,  and  by  their  angle  which  may  be  measured  with 
the  greatest  precision  ■^'ith  the  reflective  goniometer. 

Heated  in  a  closed  tube,  this  mineral  decrepitates  violently, 
furnishes  a  sublimate  of  sulphur,  then  fuses  into  a  globule  below 
a  red  heat  and  loses  more  sulphur,  accompanied  by  sulphuret  of 
arsenic.  Heated  in  an  open  tube,  it  gives  ofi"  sulphm-ous  acid 
and  oxide  of  antimony.  On  charcoal  it  disengages  sulphiu-et  of 
arsenic,  and  forms  a  deposit  of  arsenious  acid,  oxide  of  antimony 
and  oxide  of  zinc.     After  beyig  roasted,  it  gives  with  borax  the 
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reactions  of  copper  and  iron.     M.  Plattner  obtained  on  analysis 
the  following  results  : — 

Sulphur 32-222 

Arsenic 1 7*599 

Antimony 1'613 

Copper 47-205 

Iron 0565 

Zinc 0-228 

Silver 0017 

99-449 

This  mineral  is  therefore  essentially  composed  of  a  sulpho- 
arseniuret  of  copper,  in  which  the  relation  of  the  equivalents  of 
sulphur,  arsenic  and  copper,  is  almost  exactly  as  8  :  1  :  6.  Such 
a  relation,  supposing  the  arsenic  to  be  in  the  state  of  trisulphuret, 
requires  the  rather  complicated  formula  8Cu  S,  As  S^  +  2Cu^  S, 
As  S*  ;  but  supposing  the  arsenic  to  exist  in  the  state  of  penta- 
sulphuret,  we  have  the  more  simple  formiila  3Cu-  S  +  As  S^. 


EMERYLITE.       BY  DR.  J.  LAWRENCE  SMITH. 
[Silliman's  American  Journal,  Januar}-  1851.] 

This  mineral,  which  belongs  to  the  family  of  micas,  is  lamellar 
like  mica ;  the  plates  are  easily  separated,  and  possess  a  little 
elasticity.  Sometimes  it  is  in  the  form  of  a  mass  composed  of 
veiy  small  pearly  scales,  which  are  very  friable,  resembling  some 
species  of  talc.  The  plates  are  commonly  convex  and  concave, 
grouped  in  such  a  manner  as  to  form  a  triangulai-  prism.  It  is 
also  found  massive  with  a  micaceous  structure,  but  with  an  irre- 
gular fracture ;  the  aspect  of  this  variety  is  waxy  :  it  comes  from 
Gumuch-dagh.  The  crystalline  form  is  difficult  to  determine ; 
but  to  judge  from  the  streaks  on  the  surface,  and  the  imperfect 
cleavage  in  two  directions,  it  would  appear  to  belong  to  an 
oblique  rhombic  prism. 

Its  colour  is  white  and  lustre  silvery  ;  the  hardness  taken  on 
a  specimen  from  the  Island  of  Nicaria  is  from  4  to  4-5.  The 
speciiic  gravity  taken  on  ten  specimens  varies  from  2-80  to  3-09 ; 
this  difference  is  not  remarkable  in  a  lamellated  mineral.  It  is 
not  attacked  by  acids ;  heated  before  the  blowpipe  it  emits  a 
bright  light,  and  melts  with  great  difficulty  on  the  edges,  which 
assume  a  blue  colour  if  touched  with  the  nitrate  of  cobalt  and 
reheated.  Heated  in  a  tube  it  furnishes  water,  frequently  having 
an  acid  reaction  due  to  fluoric  acid. 

The  composition  of  several  specimens  subjected  to  analysis  is 
as  follows : — 
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Localities. 


Gumuch-dagh 

Island  of  Nicaria.. 
Island  of  Nicaria.. 
Island  of  Naxos    .. 

Island  of  Naxos  . . 

Island  of  Naxos  . . 

Gumuch-dagh 

Gumuch-dagh 

Siberia 

Village  Green,  U.S 
Village  Green,  U.S 
Village  Green,  U.S 
Village  Green,  U.S, 
Unionville,  U.S.  ... 

Union  villa,  U.S.  .., 

Buncombe  Co.,U.S. 


SiUca.    ^}"- 
mina. 


29-66 
30-22 
29-87 
3002 


Lime. 


Oxide  of 
iron. 


49-52 
28-90  48-53 


50  88  13-56 
49-67'  11-57 
48-68;  10-84 
10-82 


1-78 
1-33 
1-63 
1-65 


11-92     !    0-87- 


30-10,  5008  10-80- 


30-90 
31-93 


48-211 

48-80 


9-53 
9-41 


28-50  51-02  1205 

1  I 

32-31  49-24  10  66 
31-06  51-20  9-24 
31-26  51-60  1015 
3018  51-40  10-87 
29-99|50-57|  11-31 

32-15|  54-28  11-36 

29-17' 48-40    9-87 


not  esti- 
I  mated. 

2-81 
I    1-50 

I    1-78 


Mag. 
nesia. 


0-50 
trace 
trace 
0-48 
not  esti- 
mated. 


Potash    ' 
and  soda,  j 

1-50    I 
2-31 

2-86     I 
1-25     I 
not  esti- 
mated 


Water. 


341 
5-12 
4-32 
5-55 


Smith. 
Smith. 
Smith. 
Smith. 


trace 


0-30 
0-28 
0-50 
0-92 
0-72 

0-05 

124 


2-31 

not  esti- 
mated 
221 
2-97 
1-22 
2-77 
2-47 

not  esti- 
mated 
6-15 


■  5-08  .Smith. 
4-52  Smith. 


461 
3-62 


Smith. 
Smith. 


■5-04  .Smith. 


r  hot  esti-  "I 
\  I  mated    J 


5-27 
5-27 
4-27 
4-52 
514 

0-50 

3-99 


Craw. 
Craw. 
Craw. 
Craw. 

Hartshorne. 
Silliman,Jun, 


The  oxide  of  iron  may  be  regarded  as  an  impurity  which  exists 
between  the  plates  of  the  mineral.  The  composition  of  emery- 
lite  is  represented  by  the  formula — 

2R0,  Si03  +  2(2AP03,  Si03)  +  2HO. 

The  most  beautiful  specimens  of  emerylite  come  from  Naxos ; 
and  as  the  blocks  of  emery  from  this  island  frequently  contain 
it,  there  will  be  no  difficulty  in  procuring  specimens  for  cabinets. 
It  is  often  mixed  with  diaspore. 


LVI.  On  the  Solution  of  Three  Simultaneous  Quadratics  of  the 
Fifth  Order.  By  James  Cockle,  Esq.,  M.A.,  of  Trinity  Col- 
lege, Cambridge;  Barrister-at-Laiv^. 

THE  cubic  solution  of  three  simultaneous  quadratics  is  a  sub- 
ject to  which  I  alluded  towards  the  conclusion  of  the  second 
part  of  my  Analysis  of  the  Theory  of  Equations  (see  Phil.  jMag. 
S.  3.  vol.  xxxvii.  p.  509,  art.  33).  And  I  cannot  refer  to  that 
Analysis  without  adverting  to  the  but  yet  recent  death  of  him 
to  whom  it  was  addressed,  the  illustrious  geometer  Thomas 
Stephens  Davies.  To  Nature's  gifts,  of  commanding  intellect 
and  expansive  genius,  his  vast  capacity  and  industiy  had  super- 
added high  acquirements  and  profound  learning.  And  these 
accomplishments  were  attained  in  the  face  of  obstacle  upon  ob- 
stacle piled  in  his  path  by  the  accidents  of  life,  by  ill  health,  and 

*  Communicated  by  Dr.  Cockle,  Fellow  of  the  College  of  Surgeons. 
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by  bodily  suffering.  Yet  all  failed  to  arrest  that  bi'illiant  course, 
which  was  only  to  end  with  his  life.  Judged  by  what  he  has 
given  to  the  world,  he  has  established  a  title  to  the  respect  and 
admiration  of  after  times.  Still  it  is  to  be  hoped  that  that  world, 
which  he  in  life  so  instructed  and  adorned,  will,  now  that  he  is 
no  more,  yet  have  such  further  advantage  from  his  labours  as  is 
to  be  derived  from  the  publication  of  those  which  he  may  have 
left  recorded.  But,  even  with  that  advantage,  neither  posterity 
nor  his  contemporaries — except  those  who  had  the  happiness  and 
the  honour  of  his  friendship — can  judge  of  the  grandeur  and 
force  of  the  conceptions  which  teemed  in  the  fertile  chambers  of 
his  mind,  and  of  the  fine  qualities  which,  in  the  minds  of  that 
favoured  grou]),  must  ever  encircle  his  memory  with  an  enduring 
halo  of  affectionate  adoiiration.  Considering  how  imperfectly 
developed  many  of  his  views  were,  and  the  little  hope  that  exists 
of  any  one  fully  following  out  the  same  career  of  inquiry,  I  regard 
his  loss  as  irreparable.  I  hope  to  be  pardoned  for  this  digression, 
and  I  now  proceed. 

Let  U  =  0,  V  =  0,  W=0,  be  three  simultaneous  quadratics 
involving  the  five  unknowns  v,  w,  x,  y,  z.  Let  \,  fi,  v,  p  be  four 
disposable  multipliers,  and  let 

U  +  i/V=Y, 

U  +  p\V=:Z. 

The  expression  X  is  in  general  of  the  form 
X  =  aa,'^  +  ^x  +  y, 
and  /3  is  a  linear  function  of  v,  w,  y  and  z.     Let  X'  be  what  X 
becomes  when  ^=0,  and  let  v  be  eliminated  from  7  by  means  of 
that  linear  equation.    We  may  then  make 

X'  =  aa-2  +  ay  +  i8'y  +  7'. 
By  means  of  /3'  =  0  (which  is  a  linear  equation  in  w  and-?)  let 
w  be  eliminated  from  7',  which  is  a  quadi-atic  function  of  w  and 
z;  call  the  result  7",  and  make 

Now,  X"  =  0  can  be  satisfied  without  determining  either  x  or 
y.  For,  we  may  determine  X  and  fx  so  as  to  make  a  and  a' 
vanish  simultaneously,  and  we  have  then  only  to  solve  7"=0, 
which  is,  in  my  nomenclature,  a  simple  quadratic  (in  z  alone). 

By  means  of  /9  =  0,  /S'  =  0,  and  7"  =  0,  let  v,  w,  and  z  be  re- 
spectively eliminated  from  Y  and  Z.  Call  the  results  Y'  and  Z', 
then  we  shall  have 

V=Bx'^  +  Ax  +  B,  and  Z'  =  B'a,'^-'rA!x  +  B'. 

Determine  v  so  as  to  render  S=0,  and  p  so  as  to  makeS'  =  0, 
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and  let  Y'  and  Z'  respectively  become  Y"  and  Z".  Eliminate  x 
between  Y"  =  0  and  Z"  =  0^  and  the  resnlt  is 

AB'-A'B  =  0, 

a  simple  cubic  in  y,  whence  y  is  known.  And  x  is  then  given 
linearly  either  by  Y"  =  0,  or  by  Z"  =  0,  and  to  by  ;S' = 0^  and  finally 
V  by  ,5  =  0.  It  would  not  be  difficult  to  show  that  when  X"=Y" 
rrzZ"  =  0,  we  also  (for  the  same  values  of  the  unknowns)  have 
U=V  =  W=0.  Hence  the  given  system  is  solved  without  the 
occui'rence  of  an  equation  higher  than  a  cubic. 

Trinity  College,  Cambridge, 
January  28,  1851. 


LVII.  Note  on  Quadratic  Functions  and  Hyper  determinants. 
By  J.  J.  Sylvester,  M.A.,  F.R.S. 

To  Richard  Taylor,  Esq. 
Dear  Sir, 

PERMIT  me  to  correct  an  error  of  transcription  in  the  MS. 
of  my  paper  "  On  Linearly  Equivalent  Quadratic  Func- 
tions "  in  the  last  Number  of  the  Magazine.  The  theorem  given 
at  pages  300,  301,  and  marked  (3.),  should  read  as  follows  : — 

J^bOm  +  i    b9,n  +  2  •  •  •  bOm  +  s'X^ 
"-O^m+l    0^,n  +  2  •  •  •  f}(f>7n+s'* 

ra\  a^...  a^.aQ^j^^  ^^Qm^i •  •  •  f'Qm+s  ff«+i-««+2  •  •  •  ««+»«~l  _^ 

L^l    a^'  •  •  Om    ^^^+1    ^(ltm  +  2  •  •  •  "(p,n-\-s    ^n+\  d-.i  +  i  •  •  •  dn+mJ 
fa,         ^2        .  .  .  Qm      \^ 

Lff„  +  j    0,1  +  2   -  '  •  On  +  m-^ 

I  may  take  this  opportunity  of  mentioning,  that  by  extending 
to  algebraical  functions  generally  a  multihteral  system  of  umbral 
notation,  analogous  to  the  biliteral  system  explained  in  the  paper 
above  referred  to  as  applicable  to  quadratic  functions,  1  have  suc- 
ceeded in  reducing  to  a  mechanical  method  of  compound  per- 
mutation the  process  for  the  discoveiy  of  those  memorable  fonns 
invented  by  Mr.  Cayley,  and  named  by  him  hypperdetermiuants, 
which  have  attracted  the  notice  and  just  admiration  of  analysts 
all  over  Europe,  and  which  will  remain  a  perpetual  memonal,  as 
long  as  the  name  of  algebra  survives,  of  the  penetration  and 
sagacity  of  their  author. 

I  am,  dear  Sir, 

Yours  very  truly, 

Lincoln's-Inn-Fields,  J.  J.  Sylvester. 

April  1851. 
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LVIII.  Notices  respecting  New  Books. 

Reclamalion  Patriotique.  Belle  Invention  Franraise.  Fonts  d.  da- 
veaux  de  route  en  fer  ou  en  fonte,  systlme  invente  par  M.  Jules 
Guyot :  Frotestation  contre  les  Fonts  Tubuluires  sans  Tube  de 
Conway  et  de  Menai.     Far  M.  I'Abb^  Moigno.     Paris,  1850. 

T^HE  abject  of  this  pamphlet  is  to  deny  the  claims  of  the  English 
*  engineers  to  the  invention  of  the  ])rinciple  of  construction  em- 
ployed in  the  Conway  and  Menai  bridges,  and  to  ascribe  it  to  Dr. 
Guyot.  It  appears  that  this  gentleman  constructed  a  model  of  a 
wrought  iron  bridge,  on  a  new  plan,  in  1844  and  1845,  or  about 
the  time  when  IMr.  Stephenson  first  suggested  the  idea  of  a  tubular 
bridge.  This  model  lias  no  resemblance  in  its  general  form  to  the 
Conway  and  Menai  bridges,  but  at  the  same  time  it  must  be  con- 
ceded, that  it  embodies,  in  a  modified  form,  a  principle,  that  of  cel- 
lular structure,  which  constitutes  the  grand  feature  and  peculiar 
element  of  strength  of  these  gigantic  bridges.  However,  there  can 
be  no  doubt  that  the  French  and  English  inventions  were  not  only 
distinct  and  independent  in  their  origin,  but  that  they  are  also  in 
many  respects  dissimilar  in  the  mode  in  which  the  elements  of  re- 
sistance to  rupture  are  distributed,  so  as  to  maintain  the  stability  of 
the  structure. 

The  accompanying  drawings  will  give  an  adequate  idea  of  Dr. 
Guyot's  bridge. 

Fig.  1. 


Fig.  1  represents  a  general  view  of  the  bridge.  ABC  is  an  arch 
composed  of  hollow  voussoirs  of  iron;  CE,AD,  &c.are  pillars  standing 
upon  the  arch,  and  connected  at  the  top  with  a  series  of  hollow  rect- 
angular parallelepipeds  bolted  together,  forming  the  horizontal  line 
DE  of  the  bridge ;  FG  is  the  roadway  passing  over  the  top  of  the 
bridge. 

Fig.  2  represents  in  detail  the  form  of  the  voussoirs,  where  the 
twelve  edges  are  composed  of  iron  bars. 


Notices  respecting  Xeic  Books. 


417 


Fig.  2. 


Fig.  3  represents  the 
manner  in  which  the 
cells  at  the  top,  DE,  are 
constructed.  This  part 
of  the  structure  is  ana- 
logous to  the  rectan- 
gular cells  employed  in 
the  construction  of  the 
Conway  and  Menai 
bridges.  In  the  En- 
glish invention,  thin 
wrought  iron  plates  are  arranged  in  the  form  of  cells  to  resist  the 
tendency  which  such  plates  have  to  crumple  when  subjected  to  a 
compressive  force  ;  and  in  the  French  invention,  comparatively  thick 
bars  are  arranged  in  the  form  of  parallelopipeds,  to  resist  the  ten- 
dency which  long  bars  have  to  bend  under  a  compressive  force. 

In  mechanical  structures  generallJ^  it  is  not  surprising  that  some 
common  principle,  in  itself  scarcely  containing  the  element  of  no- 
velty, should  be  adopted  by  diiferent  persons  about  the  same  time. 
In  such  cases  the  merit  of  invention  chiefly  consists  in  the  mode  in 
which  the  parts  of  the  structure  are  arranged  and  combined  so  as  to 
bring  the  common  principle  into  a  greater  or  less  degree  of  effi- 
ciency. Now  the  principle  of  cellular  structure,  taken  in  connexion 
with  that  of  the  distribution  of  material  for  maximum  eifect,  which 
the  French  and  English  inventions  have  in  common  with  each  other, 
is  not  in  itsel/new.  Mathematicians  have  long  known  that  the  con- 
dition of  maximum  strength,  in  a  beam  undergoing  transverse  strain, 
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is  secured  by  having  the  material  in  the  section  accumulated,  as  far 
as  jnacticable,  at  the  greatest  distances  from  the  neutral  axis ;  and 
as  regards  the  cellular  structure  in  the  French  invention  es])ecialiy, 
Grubenmann  erected  a  bridge  at  Wettingen  about  the  middle  of  the 
last  century,  in  which  the  timbers  composing  the  roof  of  the  bridge 
were  made  to  form  the  material  resisting  the  force  of  compression. 
We  shall  now  proceed  to  show,  that  the  manner  in  which  these  prin- 
ciples are  employed  in  the  English  and  French  inventions  is,  in  cer- 
tain respects,  so  decidedly  different,  as  to  lead  us  to  regard  them  as 
independent  discoveries. 

1 .  The  inventions  were  independent  in  their  origin. — The  English  en- 
gineers sought  to  determine  the  best  form  of  a  tube  for  resisting  trans- 
verse strain,  composed  of  sheet  iron.  Ur.  Gu)'ot  formed  the  conception 
of  an  arched  bridge  constructed  of  iron  bars.  Mr.  Fairbairn,  by  a  series 
of  the  most  elaborate  experiments  perhaps  ever  made  on  the  strength 
of  materials,  discovered  by  induction  the  best  form  of  these  tubes.  On 
the  contrary,  Dr.  Guyot,  by  a  combination  of  principles  already 
known,  and  without  any  preliminary  experiments,  seems  at  once  to 
have  constructed  his  model.  It  will  be  instructive,  as  well  as  bearing 
ujjon  the  controversy,  to  trace  the  origin  of  the  cellular  structure  in 
the  English  tubular  beams.  It  was  not  derived  from  abstract  rea- 
soning ;  on  the  contrary,  it  was  entirely  due  to  the  results  of  experi- 
ment :  after  Mr.  Fairbairn  had  experimented  upon  the  cylindrical, 
elli])tical,  and  rectangular  beams  having  a  uniform  thickness,  he 
observed  that  the  thin  plates  on  the  upper  side  invariably  crumpled 
up  from  the  force  of  compression ;  he  then  hit  upon  the  fortunate 
conception  of  bending  a  piece  of  sheet  iron  over  that  part,  thereby 
forming  a  cell,  or,  as  he  called  it,  a  Jin,  at  the  upper  side  of  the  tube  ; 
the  experiments  showed  that  this  mode  of  construction  gave  a  con- 
siderable additional  strength  to  the  beam.  This  principle  was  next 
combined  with  the  rectangular  form,  and  a  model  rectangular  beam 
with  a  cellular  corrugated  top  was  constructed  ;  and  the  experiments 
on  this  beam  showed  that  this  form  of  construction  gave  nearly 
double  the  strength  of  the  cylindrical  or  elliptical  forms  when  com- 
posed of  plates  of  uniform  thickness.  Finally,  on  account  of  sim- 
plicity of  construction,  the  model  beam  of  the  Conwaj"^  Bridge  was 
made  with  rectangular  cells  at  the  top  to  resist  the  crushing  force, 
and  with  simple  plates  at  the  bottom  to  resist  the  force  of  extension. 
It  is  therefore  not  true,  as  Dr.  Guyot  insinuates  in  his  letter  to 
Monsieur  Maire,  that  the  plan  of  the  Conway  model  tube  was  formed 
suddenly  and  without  any  previous  recognition  of  principles.  It 
may  be  further  worthy  of  observation,  that  Mr.  Fairbairn  never  heard 
of  Dr.  Guyot's  model  bridge  until  very  recently. 

2.  Ihe  two  modes  of  construction  differ  in  their  general  form. — The 
Conway  and  Menai  bridges  are  straight  tubes,  or  at  least  practically 
so,  composed  of  sheet  iron  connected  together  by  rivets  and  angle- 
irons,  llirough  which  railway  trains  pass.  On  the  other  hand.  Dr. 
Guyot's  model  is  an  arched  bridge,  composed  of  iron  bars  chiefly 
bolted  together,  over  the. top  of  which  the  line  of  railway  is  sui-)posed 
to  pass.     In  the  English  invention,  the  cells  are  composed  of  conti- 
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nuous  surfaces  of  sheet  iron  ;  whereas  in  the  "French  invention  they 
are  formed  of  iron  bars  taking  the  shape  of  a  series  oi  parallelopipeds. 
The  top  and  bottom  parts  of  Dr.  Guyot's  bridge  are  connected 
together  by  a  series  of  pillars,  so  that  the  roadway  seems  to  be 
standing  upon,  and  supported  by,  the  arch  beneath  ;  whereas  in  the 
English  bridges,  an  unbroken  surface  of  sheet  iron  connects  the  top 
and  bottom  parts  so  perfectly  as  to  render  them  portions  of  an  in- 
tegral structure. 

3.  The  leading  elements  of  strength  in  the  two  structures  are  not  the 
same. — In  the  French  invention,  the  arched  structure  at  the  bottom, 
composed  of  regular  voussoirs,  constitutes  the  main  element  of 
strength,  the  top  and  sides  being  subsidiary  parts  of  the  construction  ; 
and  hence  the  forces  of  resistance  to  rupture  mainly  depend  upon  the 
principle  of  the  arch.  In  fact,  owing  to  the  imperfect  connexion  be- 
tween the  voussoirs  at  the  bottom  and  the  rectangular  parallelepipeds 
at  the  top,  as  well  as  from  the  want  of  a  complete  cooperation  in  the 
forces  of  resistance  at  the  top  and  bottom  parts,  these  forces  seem  to 
be  acting,  to  a  certain  extent,  independently  of  each  other.  Now 
in  Mr.  Fairbairn's  model  tube,  the  top  cells  constitute  the  distin- 
guishing feature  of  the  construction ;  and  the  side  plates,  forming 
a  perfect  connexion  between  these  top  cells  and  the  plates  at  the 
bottom,  transform  the  whole  structure  into  a  perfect  hollow  beam, 
subject  to  the  ordinary  laws  of  compression  and  extension.  Here 
the  resistance  of  the  cells  at  the  top  to  compression,  and  the  re- 
sistance of  the  bottom  plates  to  extension,  were  found  alone  suffi- 
cient, without  the  aid  of  any  subsidiary  or  auxiliary  force,  to  ensure 
the  stability  of  the  structure.  In  Dr.  Guyot's  bridge,  therefore,  the 
cellular  structure  at  the  bottom  forms  the  essential  part  of  the  con- 
trivance, whereas  in  the  tubular  beams  the  bottom  part  may  be  com- 
posed of  simple  plates*. 

4.  The  English  tubular  bridge  has  been  for  some  time  constructed 
on  a  scale  of  surjjrising  magnitude ;  its  powers  of  resistance  have 
been  fully  tested,  and  in  all  respects  it  has  fully  realized  the  most 
sanguine  expectations  of  its  projectors,  and  it  will  no  doubt  stand 
for  a  future  age  to  contemplate,  as  a  proud  and  enduring  monument 
of  the  genius  and  practical  skill  of  British  engineers.  The  French 
scheme  has  yet  to  undergo  the  ordeal  of  actual  construction  on  a 
scale  sufficiently  large  to  test  its  efficiency  ;  and  we  may  fairly  ob- 
serve, that  it  is  still  problematical  whether  it  will  prove  itself  to  be 
so  perfect  a  structure  as  the  English  tubular  bridge. 

*  The  bottom  part  of  the  model  tube  of  the  Conway  and  Menai  bridges 
had  no  cellular  struetm-e. 
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[Continued  from  p.  346.] 
Jan.  30,  1851. — Sir  Roderick  Impey  Murchison,  V.P.,  in  the  Chair. 

The  following  papers  were  read : — 
1.  " /'^X  the  Oxidation   of  Ammonia  in  the  Human   Body,  with 
^^    some  remarks  on  Nitrification."     Bv  Henry  Bence  Jones, 
M.D.,  F.R.S.  &c. 

The  author  having  shown,  in  a  paper  lately  communicated  to  the 
Royal  Society,  that  the  effect  of  tartrate  of  ammonia  on  the  acidity 
of  tiie  urine  was  totally  different  from  that  of  tartrate  of  potash,  and 
that  carbonate  of  ammonia,  taken  in  very  large  quantities,  did  not 
produce  any  alkaline  reaction  of  the  urine,  but  that,  on  the  con- 
trary, the  acidity  was  rather  increased  than  diminished  by  such 
doses,  repeated  the  experiments  with  carbonate  of  ammonia,  hoping 
to  obtain  more  decided  results.  Although,  from  these  experiments, 
it  was  again  apparent  that  no  diminution  of  the  acid  reaction  re- 
sulted from  taking  carbonate  of  ammonia,  yet  the  fact  «)f  any  great 
increase  in  the  acidity  of  the  urine  could  not  be  determined.  In  his 
former  paper,  the  author  suggested  that  an  inquiry  into  the  occur- 
rence of  nitric  acid  in  the  urine  would  probably  give  the  solution  of 
this  unexpected  effect  of  carbonate  of  ammonia;  and  he  was  led  to 
undertake  the  experiments  described  in  the  present  paper  with  the 
view  of  detecting  the  presence  of  that  acid  under  particular  circum- 
stances. 

The  indigo  test  for  nitric  acid  being  more  delicate  than  the  pro- 
tosulphate  of  iron  test,  it  was  chiefly  employed ;  but  a  mixture  of 
starch  with  a  drop  or  two  of  hydriodate  of  potash  and  hydrochloric 
acid  was  found  to  be  a  far  more  delicate  test  than  either.  Begin- 
ning with  10  grs.  of  nitrate  of  potash  added  to  10  oz.  of  urine,  it 
Avas  found  at  last  that  as  little  as  1  gr.  of  nitre  to  10  oz.  of  urine 
could  be  detected  with  the  greatest  certainty  and  clearness  when  the 
starch  test  was  used ;  but  this  quantity  could  not  be  detected  as 
surely  by  the  indigo  test. 

Experiments  are  described  in  which  carbonate  of  ammonia  was 
given,  in  doses  varying  from  40  grs.  to  7  grs.,  to  a  healthy  man  in 
whose  urine  no  nitric  acid  could  previously  be  detected ;  and  the 
urine  was  tested  at  intervals  of  several  hours  after  each  dose.  From 
these  it  appears  that  10  grs.  was  the  smallest  quantity  that  gave  de- 
cided evidence  of  nitric  acid  by  both  tests. 

Having  satisfied  himself  that  when  carbonate  of  ammonia  was 
taken  small  quantities  of  nitric  acid  passed  oft'  in  the  urine,  the 
author  made  similar  experiments  with  tartrate  of  ammonia,  admi- 
nistered in  doses  of  60  and  40  grs. ;  and  in  each  case  the  starch  test 
gave  evidence  of  the  presence  of  nitric  acid  in  the  urine  some  hours 
after.  Similar  experiments  with  the  muriate  of  ammonia  are  next 
described;  and  in  these  the  presence  of  nitric  acid  in  the  urine  was 
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readily  detected  three  hours  after  the  administration  of  the  dose, 
even  when  it  was  so  small  as  10  grs. 

From  an  experiment  described  in  the  paper,  it  was  shown,  that  by 
a  simple  combustion  of  ammonia  out  of  the  body,  as  well  as  in  the 
body,  nitric  acid  was  produced.  From  other  experiments  it  appears 
that  urea,  also,  by  oxidation,  whether  in  the  body  or  out  of  the  body, 
gives  rise  to  nitric  acid. 

Having  found  that  nitric  acid  was  produced  more  readily  and  fre- 
quently than  had  been  supposed  to  be  the  case,  the  author  was  led 
to  try  whether  combustions  in  the  atmosphere  without  ammonia 
could  not  give  nitric  acid.  The  presence  of  this  acid  was,  in  con- 
sequence, detected  in  the  products  of  the  combustion  of  alcohol,  of 
coal,  of  a  wax  candle,  and  of  hydrogen. 

As  this  led  to  the  supposition  that  nitric  acid  might  exist  in  rain- 
water at  all  times,  experiments  were  made  on  the  rain-water  col- 
lected on  wet  days  in  London,  and  the  presence  of  nitric  acid  was 
discovered  by  the  starch  and  also  by  the  indigo  test. 

The  conclusions  the  author  comes  to  from  his  experiments  are  : — 

1.  That  the  action  of  oxygen  takes  place  in  the  body,  not  only  on 
hydrogen,  carbon,  sulphur  and  phosphorus,  but  also  on  nitrogen. 

2.  That  in  all  cases  of  combustion,  out  of  the  body  and  in  the 
body,  if  ammonia  be  present,  it  will  be  converted  partly  into  nitric 
acid. 

3.  That  the  nitrogen  of  the  air  is  not  indifferent  in  ordinary  cases 
of  combustion,  but  that  it  gives  rise  to  minute  quantities  of  nitric 
acid. 

He  further  remarks,  that  the  production  of  nitric  acid  from  am- 
monia in  the  body  adds  another  to  the  many  instances  of  the  action 
of  oxygen  in  man  ;  and  that  the  detection  of  nitric  acid  in  the  urine 
may  lead  to  the  conclusion,  that  the  blood  is  being  freed  from  am- 
monia, or  from  substances  closely  related  to  it,  as  urea,  or  possibly 
caffeine  and  other  alkaloids. 

2.  "  Description  of  a  Muscle  of  the  striped  variety,  situated  at 
the  posterior  part  of  the  choroid  coat  of  the  Eye  in  Mammals,  with 
an  explanation  of  its  mode  of  action  in  adapting  the  Eye  lo  distinct 
vision  at  different  distances."  By  George  Rainey,  Esq.,  M.R.C.S. 
Comn)unicated  by  Joseph  H.  Green,  Esq.,  F.R.S.  Received  De- 
cember 24^,  1850. 

Respecting  this  muscle,  the  author  observes  that  it  occupies  about 
the  posterior  two-thirds  of  the  choroid  coat,  its  fibres  lying  in  dif- 
ferent planes,  the  most  superficial  being  immediately  beneath  the 
membrana  pigmenti,  the  deepest  extending  almost  as  far  as  the  vasa 
vorticosa ;  that  these  fibres  pass  in  different  directions,  some  going 
from  before  to  behind,  and  others  intersecting  these  at  various  an- 
gles :  altogether  they  receive  the  pigment  membrane,  the  retina  and 
the  vitreous  humour  as  into  a  cup. 

From  the  connection  of  these  fibres  with  the  choroid  coat,  the 
author  calls  them  the  choroid  muscle.  He  has  not  been  able  to  trace 
them  nearer  to  the  ciliary  ligament  than  about  two-thirds  of  the  di- 
stance from  the  centre  of  the  choroid  to  the  border  of  the  cornea. 
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in  which  situation  the  fasciculi  become  broken  up,  and  gradually 
degenerate  into  filamentous  tissue.  No  striped  fibres  can  be  de- 
tected in  the  so-called  ciliary  muscle  or  ligament.  These  the  author 
considers  to  be  merely  for  the  purpose  of  connecting  the  sclerotic 
and  choroid  anteriorly,  as  these  tunics  are  also  connected  by  cellu- 
lar tissue  posteriorly,  but  very  loosely  in  their  middle. 

The  author  next  describes  the  manner  in  which  these  fibres  may 
be  most  easily  displayed,  and,  as  the  sheep's  eye  answers  best  for 
this  purpose,  his  description  is  given  in  reference  to  it.  The  poste- 
rior two-thirds  of  the  eye  of  the  sheep  being  turned  inside  out,  and 
all  the  retina  washed  away,  a  very  thin  portion  of  the  tapetum  is 
raised  and  floated  upon  a  glass  slide,  and  a  thin  glass  cover  is  then 
placed  upon  it,  without  making  the  least  pressure,  which  would,  by 
crushing  the  very  soft  primary  fasciculi,  render  the  transverse  strias 
irregular  and  confused.  If  in  this  state  it  be  examined  by  the  mi- 
croscope, the  muscular  fibres,  in  consequence  of  their  transparency, 
and  being  coven  d  by  the  membrana  pigmenti,  and  some  of  the  iri- 
descent fibres  of  the  tapetum,  will  be  very  indistinct  and  scarcely- 
distinguishable  ;  but  if  a  small  portion  of  acetic  acid,  or  some  aque- 
ous solution  of  chlorine,  be  brought  in  contact  with  it,  the  membrana 
pigmenti,  and  especially  the  iridescent  fibres,  will  instantly  shrink, 
and,  becoming  transparent,  disappear,  and  the  fasciculi  of  the  cho- 
roid muscle  will  come  into  view.  Should  the  acetic  acid  have  been 
too  strong,  the  transverse  marking  will  be  very  faint  and  scarcely 
discernible  ;  but  if  the  acid  be  washed  away  with  water,  or,  what  is 
better,  a  weak  solution  of  any  saline  substance,  such  as  chloride  of 
potassium  or  sodium,  iodide  of  potassium,  &c.,  the  transverse  mark- 
ing will  i)ecome  very  distinct;  should  the  solution  be  strong,  the 
colour  of  the  iridescent  fibres  will  be  reproduced.  In  the  eye  of 
those  animals  whoso  tapetum  is  scaly,  as  in  the  Cat,  or  where  the 
whole  of  the  choroid  is  lined  by  black  pigment,  as  in  the  human 
subject,  the  acetic  acid  is  of  no  use,  and  the  muscle  is  displayed 
with  much  greater  difiiculty;  the  author,  however,  states  that  he 
has  succeeded  in  displaying  this  muscle  in  the  choroid  of  the  Horse, 
the  Cat,  and  in  that  of  the  human  eye*. 

The  author  next  considers  the  action  of  the  choroid  muscle.  This, 
from  the  manner  in  which  the  muscle  embraces  the  vitreous  humour, 
is,  in  his  opinion,  to  compress  this  humour  and  carry  the  lens  for- 
wards. But  this,  he  observes,  considering  how  the  capsule  of  the 
lens  and  the  ciliary  processes  fill  up  the  posterior  chamber  of  the 
aqueous  humour,  cannot  be  effected  without  displacing  some  of  the 
fluid  in  that  chamber ;  and  he  concludes  that  the  aqueous  humour 
in  the  posterior  chamber  being  pressed  by  the  capsule  of  the  lens 
(forced  forwards  by  the  action  of  the  choroid  muscle)  against  the 
ciliary  processes,  forces  the  blood  out  of  their  vessels  into  the  cho- 
roid veins,  and  thus  enlarges  this  chamber  at  its  circumference, 
whilst  it  diminishes  it  from  behind  forwards,  or,  in   other  words, 

*  The  author  lias  found,  since  tlie  paper  was  read,  that  a  sohition  of  citric  acid, 
one  drachm  of  acid  to  the  ounce  of  water,  is  the  best  substance  for  rendering  the 
iridescent  flbre  trausparent. 
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moves  the  lens  forwards.  The  author  then  observes,  that,  as  the 
effect  of  the  action  of  the  choroid  muscle  is  to  separate  the  choroid 
coat  from  the  sclerotic,  all  pressure  is  taken  off  the  choroid  vein*  at 
the  time  it  is  made  upon  the  ciliary  processes,  and  therefore  that 
everj'  facility  possible  is  affordtd  for  the  emptying  of  the  vessels  of 
these  processes.  He  hence  infers  that  the  offije  of  these  processes 
is  to  allow  of  the  displacement  of  fluid  when  the  lens  is  carried  for- 
wards ;  and  when  the  choroid  muscle  ceases  to  act,  by  the  re-disten- 
sion of  their  capillaries,  to  carry  the  lens  back  into  its  place.  The 
author  then  enters  into  a  mathematical  examination  of  the  data  fur- 
nished by  these  facts,  to  show  how  exactly  they  fulfill  the  conditions 
necessary  for  adapting  the  eye,  viewed  as  an  optical  instrument,  to 
distinct  vision  at  different  distances.  The  author  considers  that 
there  is  no  analogy  either  in  structure  or  function  between  those 
fibres  in  mammals  occupying  a  situation  similar  to  that  occupied  by 
a  true  nmscle  in  Birds  (the  ciliary  muscle),  but  that  the  true  ana- 
logue of  the  ciliary  muscle  in  birds  is  the  choroid  muscle  in  mam- 
mals, the  chief  difference  between  them  being  in  situation.  In  the 
Pigeon,  he  finds  that  the  ciliary  muscle  is  inserted  into  the  choroid 
coat,  along  which  it  can  be  traced  as  far  back  as  about  ^th  of  an 
inch  behind  the  iris,  so  that  its  action  would  be  to  draw  the  choroid 
tense  upon  the  vitreous  humour,  and  thus  to  compress  it  similarly  to 
the  choroid  muscle  in  the  mammal.  Besides,  in  the  Bird  he  finds 
no  muscular  fibres  at  the  posterior  part  of  the  choroid.  The  ciliary 
muscle  is  more  distinct,  and  appears  to  be  stionger  than  the  choroid, 
but  this  the  author  attributes  to  the  fibres  of  the  one  being  much 
more  collected,  and  therefore  limited  to  a  much  smaller  space  than 
those  of  the  other. 

February  6. — George  Rennie,  Esq.,  V.P.,  in  the  Chair. 

A  paper  was  read,  entitled  "  On  the  Supply  of  Water  from  the 
Chalk  Stratum  in  the  neighbourhood  of  London."  By  John 
Dickinson,  Esq.,  F.R.S.     Received  January  6,  1S51. 

The  object  of  this  paper  is  to  explain  and  illustrate  the  supply  of 
subterranean  water  which  is  always  found  at  certain  depths  in  the 
chalk  strata ;  the  circumstances  that  influence  its  natural  outflow 
by  springs  and  rivers ;  the  practicability  of  draining  off  that  water 
by  an  artificial  mode  of  exhaustion ;  and  the  changes  that  would 
be  produced  by  carrying  such  an  operation  into  effect  on  a  large 
scale. 

It  is  stated,  that  numerous  perennial  streams  issue  from  the  ele- 
vated ridges  of  the  chalk  strata,  those  in  Kent  and  Surrey  flowing 
from  south  to  north,  and  those  in  Buckinghamshire,  Herts  and 
Essex,  flowing  from  north  to  south  ;  and  that  in  each  case  the  dip  of 
the  strata  corresponds  with  the  fall  of  the  country  and  the  direction 
of  the  streams.  These  rivers  are  considered  to  be  the  natural  out- 
flow of  the  rain-water  imbibed  by  the  chalk,  the  accumulation  of 
which,  as  explained  by  Dr.  Buckland,  is  in  a  subterranean  reservoir ; 
and  according  to  the  periodical  filling  and  exhaustion  of  this,  the 
springs  and  streams  alternately  decrease  and  are  augmented.     The 
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circumstances  regulating  this  change,  which  have  been  observed  and 
experimented  upon  by  tiie  author  during  the  last  forty  years,  are 
explained  in  the  paper.  In  the  year  18M5,  he  adopted  a  method  of 
ascertaining  the  supply  of  subterranean  water,  by  the  use  of  a  very 
simple  but  effective  instrument,  contrived  and  used  by  the  late 
Dr.  Dalton  for  that  purpose:  and  he  has  supplied  a  series  of 
monthly  observations,  extending  over  fourteen  years,  both  of  the 
rain  falling  on  the  surface,  and  of  that  which  is  found  to  percolate 
through  to  a  lower  level  for  the  supply  of  springs  and  rivers. 
From  his  observations — 

inches. 
The  annual  average  of  rain   in  the  north-western  part  of 

Herts  is 25-92 

The  average  fall  of  rain  in  the  first  six  moiiths  of  the  year  is     11*12 

The  average  from  July  to  December  inclusive 14*80 

The  average  in  six  months,  from  April  to  September  inclusive  12*17 
The  average  percolation  through  the  Dalton  gauge,  frcmi 

April  to  September  inclusive,  is 0'62 

And  from  October  to  the  following  March  inclusive 9*61 

Total  average  annual  amount  of  percolation 10*23 

The  rivers  and  springs  supplied  from  the  chalk  are  generally  found 
to  be  in  fullest  How  about  June,  and  to  be  most  reduced  in  Decem- 
ber; and  the  cause  of  this  variation  is  considered  to  be  the  time 
that  the  descending  rain  requires  to  percolate  through  the  crevices 
and  fissures  of  the  lofty  chalk  hills,  and  to  spread  laterally  in  the 
reservoirs  till  it  reaches  the  outlet  springs. 

The  variation  in  the  quantity  of  rain  is  found  to  range  from  21*10 
inches  to  32*10  inches.  The  variation  in  the  amount  of  percolation 
is  found  to  be  far  greater,  viz.  from  3*10  inches  to  19*28  inches. 
Consequently  there  is  a  variation  in  the  springs,  and  in  the  flow  of 
the  rivers,  much  greater  than  in  proportion  to  the  fall  of  rain.  The 
author  shows  that  tiie  season  of  the  rain  falling  is  the  main  incident  in 
the  supply  of  these  perennial  springs;  and  that  their  outflow  is  pro- 
portional to  the  percolation  which  takes  place  during  winter  into 
the  lower  beds,  the  summer  rains  being  evaporated  or  taken  up  by 
vegetation. 

He  gives  it  as  his  opinion,  that  it  is  possible  to  drain  off*,  by  arti- 
ficial means,  great  part  of  any  river  flowing  out  of  the  chalk ;  such 
rivers  being  truly  the  natural  drain  and  outlet  of  the  subterranean 
reservoir  therein.  He  shows,  by  precise  measurements  and  care- 
fully recorded  observations,  that  the  sul)tprianean  water  has  a  move- 
ment, with  a  declivity  of  13  feet  6  inches  to  the  mile,  in  the  direc- 
tion of  the  dip  of  the  strata  and  of  the  fall  of  the  streams  ;  and  he 
states  that  the  crevices  or  water-channels  in  the  chalk  are  larger  in 
the  neighbourhood  of  a  stream.  He  therefore  assumes  that  if  a 
large  and  deep  well  were  sunk  in  any  such  locality,  and  the  water 
in  it,  by  being  pumped  off  by  steam-power,  were  brought  down  to 
and  kept  at  a  lower  level,  a  deep-seated  artificial  vent  being  thus 
formed,  the  water  would  be  so  drained  off  from  the  reservoir  that 
the  springs  would  be  dried  up,  and  the  river  be  partially  or  entirely 
deprived  of  its  flow  of  water. 
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February  13. — Sir  Benjamin  C.  Brodie,  Bart,  V.P.,  in  the  Chair. 

A  paper  was  read,  entitled,  "  On  Rubian  and  its  Products  of 
Decomposition."  By  Edward  Schunck,  Esq.,  F.R.S.  Received 
January  9,  18.51. 

After  adverting  to  the  obscurity  in  which  the  inquiry  concerning 
the  state  in  which  the  colouring  matter  of  Madder  originally  exists 
in  this  root  is  involved,  the  author  refers  to  the  change  which  takes 
place  in  the  root,  especially  if  in  a  state  of  powder,  during  the  lapse 
of  time,  and  to  the  little  light  which  has  been  thrown  by  chemical 
investigations  on  the  nature  of  the  process  by  which  the  change  is 
effected.     He  states  that  it  has  been  suspected  by  several  chemists 
that  there  exists  originally  some  substance  in  madder,  which,  by 
the  action  of  fermentation,  or  oxidation,  is  decomposed,  and  gives 
rise  by  its  decomposition  to  the  various  substances  endowed  either 
with  a  red  or  yellow  colour,  which  have  been  discovered  during  the 
chemical  investigations  of  this  root.    In  his  papers  on  the  colouring 
matter  of  madder,  he  has  described  four  substances  derived  from 
madder,  only  one  of  which  is  a  true  colouring  matter,   but  all  of 
them  capable  under  certain  circumstances,  as  for  instance  in  com- 
bination with  alkalies,  of  developing  red  or  purple  colours  of  various 
intensity.     After  referring  to  the  opinions  of  ^I.  Persoz  and  the  in- 
vestigations of  Mr.  Higgin   relative  to  xanthine  and  alizarine,  the 
author  observes  that,  by  adding  a  variety  of  substances  to  an  extract 
of  madder  with  cold  water,  he  was  enabled  to  ascertain  under  what 
circumstances  and  by  what  means  the  tinctorial  power  of  the  liquid 
is  destroyed,  and  consequently  what  is  the  general  character  of  the 
substance  or  substances  to  w  liich  it  is  due.    He  found  that  by  adding 
sulphuric,  or  muriatic  acid  to  the  extract,  and  heating,  the  liquid, 
after  neutralization  of  the  acid,  was  no  longer  capable  of  dyeing. 
The  tinctorial  power  was  also  destroyed  by  the  addition  of  hydrate 
of  alumina,  magnesia,  protoxide  of  tin,  and  various  metallic  oxides, 
but  not  by  carbonate  of  lime,  or  carbonate  of  lead.     In  all  cases  in 
which  the  property  of  dyeing  in  the  extract  was  destroyed,  he  inva- 
riably found  that  its  bitter  taste  and  bright  yellow  colour  were  de- 
stroyed.    Having  shown,  in  his  former  papers  on  this  subject,  that 
the  intensely  bitter  taste  of  madder  and  its  extracts  is  due  to  a  pe- 
culiar substance  to  which  he  has  given  the  name  of  rubian  ;  and  as 
it  appeared  from  these  preliminary  experiments  that  this  substance, 
though  itself  no  colouring  matter,  is  in  some  way  concerned  in  the 
changes  whereby  a  formation   of   colouring  matter  is  induced   in 
aqueous  extracts  of  madder,  he  proposed  to  himself  to  examine  its 
properties  and  products  of  decomposition  more  in  detail  than  he  had 
hitherto  done. 

After  numerous  experiments,  undertaken  with  the  view  of  ob- 
taining pure  rubian  in  quantities  sufficiently  large  for  the  purposes 
of  examination,  he  discovered  a  property  of  that  substance,  by  which 
he  was  enabled  to  obtain  it  in  a  state  of  purity,  namely  the  remark- 
able attraction  manifested  by  it  towards  all  substances  of  a  porous 
or  finely-divided  nature,  which  is  perhaps  more  characteristic  of  it 
than  any  other.     The  method  he  finally  adopted,  and  which,  he 
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states,  surpasses  all  others  in  facility  and  certainty  of  execution,  is 
fully  detailed. 

Rubian,  wiien  prepared  according  to  this  method,  is  a  hard,  dry, 
brittle,  shining,  perfectly  uncrystalline  substance,  siuiilar  to  gum  or 
dried  varnish.  It  is  not  in  tlie  least  deliquescent,  as  xanthine  is 
described  to  be.  In  thin  layers  it  is  perfectly  transparent,  and  of  a 
beautiful  dark  yellow  colour  ;  in  large  masses  it  appears  dark  brown. 
It  is  very  solul)le  in  water  and  in  alcohol,  more  so  in  tiie  former 
than  in  the  latter;  but  insoluble  in  aether,  which  precipitates  it  in 
brown  drops  from  its  alcoholic  solution.  Its  solutions  have  an  in- 
tensely bitter  taste.  When  it  is  pure,  its  soution  in  water  gives  no 
precipitates  with  the  mineral  or  organic  acids,  nor  with  salts  of  the 
alkalies  or  alkaline  earths.  Basic  acetate  of  lead,  however,  gives  a 
copious  light  red  precipitate  in  a  solution  of  pure  rubian,  the  solu- 
tion becoming  colourless;  but  this  is  the  only  definite  compound  of 
rubian  v^ith  which  the  author  is  acquainted.  He  states  that  rubian 
cannot  be  considered  as  a  colouring  matter  in  the  ordinary  sense  of 
the  word.  It  is  decomposed  by  acids,  alkalies,  chlorine,  heat  and 
ferments.     The  formula  for  rubian  appears  to  be  C^*"  H^^  0'°. 

The  action  of  sulphuric  and  of  muriatic  acid  on  rubian  is  stated 
to  be  precisely  the  same.  The  ])roducts  of  the  decomposition  by 
those  acids  are, —  1st,  Alizarine  ;  2nd,  the  substance  which  the  author 
forme'ly  termed  Beta-resin,  but  which  he  now  calls  Veratitine;  3rd, 
the  substance  which  the  author  in  former  papers  has  called  Alpha- 
resin,  but  to  which  he  now  prefers  giving  the  name  of  Rubiretine; 
4.th,  a  body  which  has  not  liitherto  been  observed,  and  which  he 
denominates /?Miiam'"e;  and  5th,  a  sugar  obtained  from  the  acid 
liquid  after  the  complete  decomposition  of  the  rubian. 

1.  The  alizarine  obtained  from  the  decomposition  of  rubian  ex- 
hibits all  the  usual  properties  of  this  well-known  substance.  Its 
colour  is  dark  yellow,  without  any  tinge  of  brown  or  red.  The 
crystals  possess  a  lustre  which  the  author  has  never  seen  equalled  in 
this  substance.  The  analysis  gave  the  formula  C*  H^  O^  Thus  by 
simply  losing  14-  equivs.  of  water,  1  equiv.  of  rubian  is  converted 
into  4  equivs.  of  alizarine. 

2.  Verantine,  in  most  of  its  properties,  coincides  with  the  substance 
to  which  the  author  formerly  gave  the  name  of  Beta- resin  of  madder. 
When  prepared  according  to  the  method  described  in  the  paper,  it 
is  obtained  in  the  form  of  a  reddish-brown  powder.  When  heated 
on  platinum  foil,  it  molts,  and  then  burns  away  without  leaving  any 
residue.  It  dissolves  in  concentrated  sulphuric  acid,  with  a  brown 
colour,  and  is  reprecipitatcd  by  water  in  brown  flocks.  On  heating 
the  solution  in  concentrated  sulphuric  acid,  it  becomes  black,  sul- 
phurous acid  is  disengaged,  and  the  substance  is  decomposed.  Con- 
centrated nitric  acid  dissolves  it  on  boiling,  with  a  disengagement  of 
nitrous  acid,  forming  a  yellow  liquid,  from  which  nothing  separates 
on  cooling.  It  is  almost  insoluble  in  boiling  water,  but  readily 
soluble  in  boiling  alcohol,  and  is  again  deposited,  on  the  alcohol 
cooling,  as  a  brown  powder,  which  is  its  most  characteristic  property. 

From  an  experiment  described  in  the  paper,  the  author  is  inclined 
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to  conclude  that  alizarine  and  verantine  are  capable  of  forming  a 
double  compound  with  alumina  soluble  in  boiling  water,  and  that  a 
mixture  of  the  two  in  the  proportion  in  which  they  exist  in  this 
compound  constitutes  what  has  been  called  purpurine. 

Although  the  difficulty  of  obtaining  pure  verantine  in  sufficient 
quantity  for  the  purposes  of  analysis  prevented  the  author  from  de- 
termining its  composition  with  the  requisite  accuracy,  he  obtained 
approximations  sufficiently  near  to  remove  almost  all  doubts  on  the 
question.  The  formula  deduced  from  four  experiments  is  C*  H'  O' ; 
so  that  it  appears  that  verantine  differs  from  alizarine  by  containing 
1  equiv.  more  of  oxygen. 

3.  Rubiretine  is  identical  with  the  substance  which  the  author 
formerly  called  Alpha-resin  of  madder.  He  endeavoured  in  vain  to 
determine  the  atomic  weight  of  this  substance  :  but  states  that  there 
is  only  one  formula  which  is  in  accordance  with  his  analyses,  and  at 
the  same  time  satisfactorily  explains  its  formation.  This  formula  is 
C*  H^  0+  ;  so  that  2  equivs.  of  verantine  and  2  equivs.  of  rubiretine 
with  12  equivs.  of  water  give  1  equiv.  of  rubian. 

4'.  Rubianine  greatly  resembles  rubiacine  in  its  appearance  and 
many  of  its  properties.  It  may  however  easily  be  distinguished  by 
several  characteristics,  and  above  all  by  its  composition.  It  is  ob- 
tained from  a  solution  in  boiling  alcohol  in  the  form  of  bright  lemon- 
yellow  silky  needles,  which  when  dry  form  an  interwoven  mass.  It 
is  less  soluble  in  alcohol,  but  more  so  in  boiling  water,  than  any  of 
the  preceding  substances.  On  the  solution  in  boiling  water  cooling, 
it  crystallizes  out  again  in  yellow  silky  needles.  Its  colour  is  lighter 
than  that  of  rubiacine.  When  heated  on  platinum  foil,  it  melts  to  a 
brown  liquid  ;  then  burns,  leaving  a  carbonaceous  residue,  which  on 
further  heating  disappears  entirely.  It  is  soluble  in  concentrated 
sulphuric  acid,  with  a  yellow  colour;  the  solution  on  boiling  be- 
comes black,  and  gives  ofl'  sulphurous  acid.  It  is  not  affected  either 
by  dilute  or  concentrated  nitric  acid  even  on  boiling;  it  merely  dis- 
solves in  them,  and,  on  the  acid  cooling,  crystallizes  out  again  as 
from  boiling  water. 

There  are  three  formulce.  all  of  which  give  for  100  parts  of  this 
substance  numbers  not  widely  differing  from  those  deduced  from  the 
analyses,  viz.  C^«Hl-0'^  C'^H'^'O'^  C^^  H^^  0-°,  but  the  last  is 
that  with  which  they  best  agree. 

5.  The  sugar  is  always  obtained  in  the  form  of  a  transparent 
yellow  syrup,  \\hich  neither  crystallizes,  however  long  its  solution 
may  be  left  to  stand,  nor  becomes  dry  unless  heated  to  100'  C. 
There  are  two  formulse,  C>+H'*0'^  and  C'=H'^0'2,  both  of  which 
agree  with  the  analyses  of  this  substance,  and  explain  its  formation. 
The  author  states  the  views  to  which  each  of  these  formulae  gives 
rise,  and  the  reasons  for  adopting  the  latter. 

Although  five  substances  are  produced  by  the  action  of  acids  on 
rubian,  the  author  does  not  consider  that  these  substances  are  all 
formed  together,  or  in  other  words,  that  one  atom  of  rubian,  by  its 
decomposition,  gives  rise  to  all  five  at  the  same  time ;  but  that,  from 
the  composition  of  these  substances  as  compared  with  that  of  rubian, 
it  follows,  that  the  decomposition  affects  three  separate  atoms  of  ru- 
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bian.  One  of  these  atoms  loses  14  atoms  of  water,  and  is  converted  into 
alizarine.  The  second  loses  12  atoms  of  water,  and  then  splits  up 
into  verantine  and  rubirotine.  The  third  takes  up  the  elements  of 
water,  and  then  splits  up  into  rubianine  and  sugar.  Whether  it 
would  be  possible  to  confine  the  decomposition  of  rubian  entirely 
to  one  of  these  processes,  or  whether  all  three  are  essential,  he  con- 
siders is  a  question  of  the  highest  importance,  not  so  much  in  a 
theoretical  as  in  a  practical  point  of  view  ;  and  that  should  any  che- 
mist succeed  in  changing  rubian  entirely  into  alizarine,  he  would 
be  the  means  of  giving  a  great  stimulus  to  many  branches  of  manu- 
facture and  adding  largely  to  the  national  wealth. 
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March  28,  1851. — On  the  Connexion  of  Chemical  Forces  with  the 
Polarization  of  Light.     By  Nevil  Story  Maskelyne,  Esq.,M.A. 

Any  facts  which  can  throw  light  upon  the  ultimate  molecular 
structure  and  condition  of  chemical  compounds,  cannot  fail  of  pos- 
sessing interest  of  a  high  character,  as  well  for  those  whose  thoughts 
only  casually  dwell  upon  questions  of  physical  science,  as  for  the 
mathematician  and  the  chemist.  To  the  mathematician,  indeed, 
they  would,  if  completely  unfolded,  supply  the  data  for  him  to  under- 
take the  resolution  of  the  questions  of  chemical  combination  and 
chemical  change,  by  treating  them  as  problems  involving  the  action 
of  mechanical  laws.  To  the  chemist,  the  acquisition  of  such  know- 
ledge would  be  the  removal  of  some  of  the  profoundest  difficulties 
of  his  philosophy  ;  but  such  knowledge  is  only  to  be  sought  in  the 
most  difficult  paths  of  the  whole  range  of  science.  The  question  of 
the  connexion  of  chemical  type  with  crystalline  form,  the  fruitful 
cause  of  so  much  contention  among  mineralogists  as  to  the  questions 
of  mineral  species,  is  one  on  which  we  have  no  complete  and  sure 
knowledge  ;  for  the  facts  of  dimorphism  show,  that  implicated  with 
this  question  are  the  actions  of  other  forces,  such  as  electric  condition, 
and  above  all  the  mysterious  molecular  alterations  induced  by  heat. 
Another  direction  in  which  such  inquiries  have  been  pursued,  has 
been  in  tracing  the  phccnomena  resulting  from  the  jiroperty  possessed 
by  many  bodies,  of  modifying  a  plane-polarized  ray  of  light,  by  what 
is  termed  circular-polarization.  This  property,  from  its  being  proved 
to  be,  in  a  large  number  of  cases,  an  expression  of  the  molecular 
structure  of  the  substance,  and  as  such  inseparable  in  many  cases 
from  its  chemical  existence,  may  be  taken,  whenever  this  can  be 
shown  to  be  the  case,  as  an  evidence  of  its  individuality,  and  may  be 
used  to  determine  the  question  of  the  permanency  or  transitory 
character  of  the  molecular  type  of  the  substance.  The  information 
thus  gained  may  be  but  vaguely  defined,  and  the  truth  but  darkly 
seen,  yet  does  it  nevertheless  afford  a  valuable  and  interesting  point 
of  view  for  studying  the  molecular  nature  of  bodies. 

M.  Biot  has  been  for  forty  years  enriching  chemico-physical  science 
by  a  series  of  memoirs  detailing  the  results  of  his  study  of  these  phae- 
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nomena.  He  has  there  shown  the  value  of  tliis  means  of  tracing 
changes  in  chemico-molecular  constitution. 

M.  Pasteur  has  carried  forward  this  inquiry  into  a  new  channel  by- 
tracing  a  connexion  between  this  property  in  substances,  of  circularly 
polarizing  light,  and  their  crystalline  character. 

But  as  it  would  be  impossible  to  explain  the  nature  of  his  investi- 
gations, or  their  results,  without  a  preliminary  knowledge  of  the 
meaning  of  the  terms  "  circular  polarization"  and  "  heraihedrism," 
it  was  necessary  first  to  enter  a  little  upon  the  explanation  of  them. 

Accordingly  a  ray  was  explained  as  being  a  direction  of  light, 
having  no  relations  to  space  which  differed  from  each  other  in  direc- 
tions perpendicular  to  its  length.  Thus  without  complicating  the 
subject,  by  using  the  language  of  the  beautiful  wave-theon,-,  a  ray 
might  be  imagined  as  a  cylinder  of  minutest  diameter,  but  indefinite 
length.  When  such  a  ray  is  reflected  at  a  certain  angle  from  glass 
or  such  like  substance  it  is  split  into  two ;  one  going  into,  and 
through  the  glass  if  it  be  not  opake,  the  other  being  reflected  from 
it.  These  two  rays  no  longer  possess  the  same  "  absence  of  sides  ' 
as  the  original  rav.  For  the  one  has  been  as  it  were  flattened  down 
to  a  "  strip,"  while  the  other  has  also  been  flattened  similarly  into 
a  "  strip,"  but  the  latter  strip  is  at  right  angles  in  regard  to  its 
"  flattened  plane  "  to  what  the  other  is.  A  similar  bifurcation  of 
the  ray  is  produced  in  the  interior  of  what  are  called  doubly  refract- 
ing crystals.  This  bifurcation  and  flattening  of  the  ray  is  termed 
"  plane  polarization  "  of  it ;  and  it  is  so  far  a  true  instance  of  po- 
larity, as  that  the  two  rays  have  equal  and  similar  properties  in 
opposed  directions. 

This  was  exhibited  by  the  Lime  Light.  The  double  image  of  a 
small  round  hole  formed  by  a  cr^-stal  of  Iceland  spar  was  thrown  on 
a  screen,  and  each  beam  shown  to  be  most  capable  of  reflexion  in  a 
plane  in  which  the  other  was  incapable  of  being  reflected  at  all.  The 
action  of  the  tourmaline  as  a  doubly  refracting  crystal  which  absorbs 
one  of  the  rays  was  then  explained ;  and  it  was  shown  that  the  po- 
sition of  the  tourmaline  in  which  it  intercepted  one  ray  entirely,  was 
exactly  the  position  in  which  it  gave  the  other  ray  free  passage. 
The  optic  axis  of  a  crystal  was  then  defined  to  be  a  direction  in  it 
along  which  the  hght  could  pass  through  the  crystal  without  under- 
going any  change  whatever.  The  central  ray  of  a  polarized  beam 
of  light,  traversing  a  piece  of  calc-spar  along  its  optic  axis,  was  shown 
to  be  intercepted  or  transmitted  by  a  tourmaline,  precisely  as  if  the 
section  of  the  crystal  of  calc-spar  were  away. 

An  exception  was  however  stated  to  exist  to  this  law  of  the  neu- 
trality of  the  optic  axis.  When  a  section  of  quartz,  cut  so  that  the 
beam  could  career  along  its  optic  axis,  was  put  in  the  path  of  the 
polarized  ray,  it  was  found  that  instead  of  permitting  the  ray  to  be 
eclipsed  by  the  tourmaline  when  this  was  placed  in  the  position  to 
eclipse  it,  that  ray  on  the  contrary  fell  on  the  screen  endowed  with 
beautiful  colour ;  and  furthermore  that  the  revolution  of  the  tourma- 
line induced  the  most  brilliant  succession  of  colours,  in  the  order,  in 
the  instance  exhibited,  of  red,  plum-colour,  blue,  green,  orange,  red. 
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It  was  shown,  however,  that  another  specimen  exhibited  these  colours 
in  the  reverse  order  of  red,  orange,  green,  blue,  pluin-culour,  red  ; 
in  which  order  the  former  specimen  of  quartz  j)roduced  these  colours 
when  the  tourmaline  was  turned  in  the  opposite  direction.  Hence 
these  are  termed  right-  and  left-handed  pularizations.  The  whole  of 
these  phaniomena  were  attributed  to  a  complicated  set  of  movements 
of  the  light  within  the  crystal,  the  resuUunl  of  wliich  was  practically 
a  rotation  of  the  plane  in  which  the  ray  was  capable  of  being  re- 
flected, so  that  the  thicker  the  crystal,  the  further  round  the  tour- 
maline had  to  be  turned  to  permit  the  ray  to  pass  it,  or  to  be  eclipsed, 
as  the  case  might  be.  The  opposite  order  of  the  colours  was  ex- 
plained by  the  Action  of  supposing  the  one  to  be  the  effect  of  a  left- 
handed  thread  to  the  screw  and  the  other  of  a  right-handed  thread 
characterizing  the  sj)iral  in  which  the  plane  of  polarization  was  sup- 
posed to  rotate.  Of  course  this  was  only  a  popular  way  of  explain- 
ing the  phsenomenon,  it  being  really  due  to  a  more  complicated  series 
of  movements  which  were  exj)lained  by  Fresnel  in  the  most  trium- 
phant manner  by  the  wave-theory. 

The  colour  was  accounted  for  by  the  idea  of  the  red  following  a 
longer  spiral  (having  a  coarser  thread  to  the  screw)  than  that  of  the 
orange,  this  than  the  yejlow,  and  so  on  up  to  the  violet.  Without 
the  tourmaline  in  front  all  would  emerge  and  form  white  light ;  but 
the  tourmaline  only  allows  such  rays  to  pass  it  as  are  capable  of 
passing  it  in  its  particular  position  ;  i.  e.  only  such,  the  rotation  of 
whose  plane  has  brought  them  round  to  the  position  of  the  plane  in 
which  the  tourmaline  lets  the  light  through. 

The  singular  fact  of  amethyst  being  a  combination  of  alternate 
layers  of  right-  and  left-handed  quartz  was  then  exhibited,  both  by 
throw'ing  the  image  of  the  alternate  layers  on  the  screen,  and  after- 
wards by  showing  that  the  general  effect  of  a  traversing  polarizing 
beam  was  to  produce  a  neutrality  of  action.  Other  substances, 
however,  produce  phsenomena  of  circular  polarization.  Uncrystal- 
lized,  fused  tartaric  acid,  and  barley-sugar,  &c.  produce  them  ;  and 
these  bodies  when  dissolved,  and  many  more  in  the  form  of  liquids 
also,  do  so,  some  of  which  were  exhibited.  But  the  silica  of  which 
quartz  consists  entirely  loses  this  property  when  divested  of  its  cry- 
stalline character,  whether  artificially  or  in  its  natural  state  as  chal- 
cedony, opal,  &c.  All  other  bodies  retain  it  so  long  as  their  chemi- 
cal molecule  retains  its  individuality  of  character. 

The  next  point  to  be  made  clear,  was  the  meaning  of  that  form 
of  crystallographic  development  called  "  hemihedrism."  Haiiy's 
great  law  was,  that  similar  edges  or  angles  were  always  similarly 
modified.  The  nature  of  similarity  in  edges  or  angles  was  then 
pointed  out,  and  the  general  idea  of  many  crystallographers  of  a  sort 
of  nucleus  or  primitive  form  existing  on  which  the  crystal  was  formed, 
was  explained,  as  also  the  nature  of  the  development  of  such  a  cry- 
stal by  the  modifications  placed  on  the  edges  and  angles  according 
to  the  law  before  mentioned.  But  the  exception  to  that  law  was 
not  less  remarkable  for  its  generality  of  character  than  the  law  itself. 
This  exception  consists  in  the  fact  that  very  often  crystals  are  found 
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in  which  not  every  similar  edge  or  angle  was  modified,  but  where 
every  alternate  similar  edge  or  alternate  similar  angle  was  so.  This 
circumstance  was  then  illustrated  by  the  actual  truncation  of  some 
models  ;  and  it  was  shown  that  such  alternately  developed  or  hemi- 
hedral  crystals  may  be  right  and  left,  the  upper  terminal  modification 
being  to  the  right  in  the  one  case,  and  the  corresponding  and  similar 
lower  terminal  modification  being  then  to  the  left,  wliile  in  the  other 
case  they  are  exactly  the  converse.  Hence,  one  crystal  is,  as  Pasteur 
describes  it,  "  non-superposable'  to  the  other;  the  one  is  as  the 
image  of  the  other  reflected  in  a  mirror,  as  the  idght-hand  is  com- 
pared to  the  left. 

A  beautiful  connexion  was  then  pointed  out,  as  established  long 
ago  by  the  acute  observation  of  Sir  J.  Herschel,  thai  the  plagihedral 
facettes  of  quartz  indicated,  by  their  relative  positions  on  the  crystal, 
the  direction  in  which  the  crystal  would  rotate  the  plane  of  polari- 
zation. The  crystallographic  character  of  these  facettes  was  then 
pointed  out,  and  their  connexion  shown  with  this  hemihedrism. 
But  the  most  beautiful  instance  of  the  connexion  of  hemiliedrism  in 
crystals  with  the  direction  of  the  rotatory  power  of  the  substance  of 
which  they  are  composed  is  aiforded  by  the  recent  discoveries  of 
Pasteur,  which  may  now  be  almost  traced  to  a  law,  enunciated  thus  : 
that  where  a  substance  is  hemihedric  when  crystallized,  and  possesses 
the  rotating  character,  the  direction  of  the  rotation  is  indicated  by 
the  nature  of  the  hemihedrism. 

Paratartaric  acid  was  then  introduced.  It  was  described  as  ex- 
tremely  hke  tartaric  acid  in  its  chemical  reactions  and  identical  with 
it  in  composition.  It  was  similarly  formed  to  the  latter,  and  was 
found  only  one  year  in  the  cream  of  tartar  of  the  wine  of  the  \'osges. 
Pasteur  separated  the  crystals  of  the  paratartrate  of  soda  and  ammo- 
nia into  two  several  sets  :  the  one  set  he  showed  to  be  hemihedric 
to  the  right,  the  other  set  to  the  left.  The  former  proved  to  be  the 
salt  of  an  acid  rotating  to  the  right,  the  latter  of  one  rotating  to  the 
left.  On  examining  these  acids  they  were  found  in  every  single 
property,  but  this  rotation,  identical  with  one  another  and  with  tar- 
taric acid.  Yet  when  mixed  thej-  formed  again  the  paratartaric 
acid,  which,  like  the  amethyst,  is  without  any  action  of  a  rotatory 
character,  and  the  difference  of  which  from  the  other  two  acids  was 
then  exhibited  by  the  precipitation  by  the  latter  of  a  salt  of  lime 
which  did  not  render  either  of  the  former  turbid. 

Mr.  Maskelyne  then  detailed  the  experiments  of  M.  Pasteur  on 
maUc  and  aspartic  acids  and  asparagine,  and  showed  how  all  of  these 
could  be  understood  to  contain  chemically  a  molecular  unit  common 
to  all  these  and  perhaps  to  tartaric  acid,  and  only  modified  a  little 
by  the  superposition  as  it  were  of  other  substances,  in  combination 
with  it,  upon  the  extremities  of  its  molecule. 

He  also  dwelt  on  the  possiliility  of  the  paratartaric  acid  being  a 
quadribasic  as  the  tartaric  acid  is  a  bibasic  acid  ;  it  being  on  this 
view  a  conjugate  acid  consisting  of  the  two  united  tartaric  acids. 
He  then  invited  attention  to  the  interesting  nature  of  M.  Biot's  in- 
vestigation of  the  action  of  tartaric  acid  in  solution  in  water,  and  he 
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showed  that  here  the  acid  must  he  supposed  capable  of  combining 
with  an  indefinite  or  indeed  an  infinite  amount  of  water,  while  in 
otlier  cases  again,  bodies  (such  as  sugar  for  instance)  exercise  no 
effect  upon  the  water  and  do  not  seem  to  combine  with,  but  only  to 
be  dissolved  in  it.  The  former  is  an  instance  of  a  continuous  and  not 
intermittent  sort  of  combination  ;  and  though  we  need  not  anticipate 
a  recurrence  of  the  controversy  of  BerthoUet  and  Proust,  yet  this 
shows  us  that  the  actions  of  quantity  or  mass  so  dwelt  on  by  the 
former  are  not  without  a  great  significance  ;  and  that  the  power  that 
can  thus  enable  us  to  determine  such  important  points  in  chemical 
statics,  is  well  worthy  of  the  attention  of  the  philosophic  mind. 

LX.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  PHOSPHORESCENCE  OF  CHALK  STREAKS. 

rj"^HE  phosphorescence  of  streaks  made  with  chalk  upon  a  warm 
A  tile  is  brought  forward  by  Mr.  Napier,  in  the  March  Number  of 
the  Philosophical  Magazine,  as  opposed  to  the  views  recently  published 
by  Dr.  Draper.  It  seems,  however,  to  originate  in  a  totally  foreign 
cause.  If  the  tile  be  placed  on  the  cap  of  a  gold-leaf  electroscope, 
the  leaves  diverge  as  soon  as  the  streak  is  made.  All  writers  on 
phosphorescence  have  carefully  distinguished  between  the  emission 
of  light  by  phosphorescence  and  by  electricity.  Thus,  as  Dr.  Dra- 
per's paper  states,  a  diamond  rubbed  on  gold  will  emit  light,  but  it 
will  also  shine  after  exposure  to  the  sun.  In  the  former  case,  it  will 
attract  a  hair  or  other  light  body ;  in  the  latter  it  will  not.  When- 
ever friction  is  required  for  luminosity,  we  may  reasonably  suspect 
electrical  disturbance.  Thus  two  pieces  of  quartz  or  sugar,  rubbed 
together,  shine  ;  and  the  electroscope  shows  one  to  be  positive  and 
the  other  negative.  Quicksilver  in  an  exhausted  tube  will  emit  a 
milky  glow  on  the  slightest  motion,  an  experiment  formerly  described 
by  Romberg  as  a  phosphorus.  Pieces  of  mica  suddenly  split  asunder, 
a  stick  of  sealing-wax  snapped  across,  dry  paper  torn,  or  an  air-gun 
discharged  in  the  dark,  produce  light ;  but  none  of  these  are  cases 
of  what  is  meant  by  phosphorescence.  Mr.  Napier's  experiment 
belongs  to  the  same  class,  and  does  not  seem  in  any  manner  to  bear 
on  the  views  of  Dr.  Draper. 


OBSERVATIONS  ON  NITROUS  ACID  AND  THE  SOLUTION  OF  NITRO- 
SULPHURIC   ACID,       BY  M.  GUINON. 

In  searching  for  the  cause  of  an  accident  which  happened  to  silk 
coloured  rose  by  aramoniacal  cochineal,  and  by  which  it  was  sud- 
denly decolorized,  this  was  found  to  have  been  due  to  the  presence 
of  nitrous  acid  in  the  sulphuric  acid  employed.  M.  Guinon  states, 
that  he  was  certain  that,  if  the  sulphuric  acid  had  been  pure,  it  would 
not  have  altered  the  aramoniacal  cochineal,  even  after  several  days 
of  contact  ;  he  had  made  the  experiment  frequently.  The  nitrous 
acid  itself  merely  turns  the  colour  of  an  orange-red,  without  destroy- 
ing it.     The  reaction  observed  could  then  be  attributed  only  to  the 
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nitrous  acid,  which  is  sometimes  met  with  in  the  sulphuric  acid  of 
commerce  ;  and  to  verify  this  opinion,  the  author  proceeded  synthe- 
ticall3^ 

Sulphuric  acid  was  made  to  absorb  nitrous  vapours  by  direct 
action  and  thus  produced  nitrosulphuric  acid  [acide  azotosulfu- 
rique],  which  exerted  upon  cochineal  the  immediate  decolorizing 
action,  which  had  been  accidentally  remarked.  It  is  evident  that  iu 
this  reaction  it  is  by  the  nitrous  acid  which  is  formed  that  the  mixed 
nitrosulphuric  acid  acts.  The  slight  stability  of  this  acid,  its  ten- 
dency to  yield  oxygen,  comparable  to  that  of  oxygenated  water, 
renders  it  eminently  fit  for  altering  and  destroying  organic  substances. 

Independently  of  what  he  had  observed  with  respect  to  cochineal, 
the  author  extended  his  experiments  to  the  action  of  sulphuric,  nitric, 
and  solution  of  nitrosulphuric  acid,  on  various  salts  and  colouring 
matters.     The  results  are  given  in  the  following  table  : — 


Dilute  solutions  of  colouring 
matters  and  salts. 

Sulphuric 
acid. 

Nitric  acid. 

Solution  of  nitrosulphuric  acid. 

Ammoniacal  cochineal.. 
Cartlianius  

No  effect. 

No  effect. 



Decoloration. 
Decoloration. 

Decoloration. 

Decoloration. 

Decoloration. 
Decoloration. 

(  Formation  of  persulphate  of  u-on, 
•j      absorption  of  nitric  oxide,  with 

L     a  brown  colour. 
Formation  of  perchloride  of  tin. 

r  Production  of  the  red  cyanide,  and 
<      instantaneous  disengagement  of 

L     nitric  oxide. 
Great  increase  of  intensity  of  colour. 

f  Greenish  colour,  formation  of  sul- 
•<      phate  of  potash  and  nitrate  of 

[_     chromium. 

Red  woods  with  chlo- 1 

Logwood  with   chlo-1 
ride  of  tin      J 

Turmeric 

Protosulphate  of  u-on  . . . 
Chloride  of  tin    

Ferrocyanide  of  potas-  "1 
sium J 

Bichromate  of  potash... 

It  was  found  during  these  experiments,  that  the  solution  of  nitrous 
acid  in  sulphuric  acid  might  be  very  much  diluted  with  water  without 
losing  its  properties.  Water  in  sufficient  quantity  is  even  requisite  to 
prevent  the  production  of  nitric  oxide,  or  to  limit  it  to  minute  quan- 
tities, by  keeping  the  liquid  at  a  low  temperature  when  the  two  acids 
are  mixed. 

The  nitrosulphuric  acid  possesses  in  a  very  high  degree  decolori- 
zing power  by  the  action  of  the  nitrous  acid  to  which  it  gives  rise, 
and  which  it  contains,  so  to  speak,  in  a  latent  state.  It  yields  in 
small  bulk  one  of  the  most  active  decolorizing  reagents.  It  bleaches 
silk  almost  instantaneously,  even  when  the  solution  is  cold  and  very 
dilute ;  and  what  allows  of  its  advantageous  employment  for  this 
purpose,  is  the  successive  reproduction  of  the  nitrous  acid  in  contact 
with  the  air. 

The  author  remarks,  that  this  solution  may  be  very  ceconomically 
prepared  by  passing  into  sulphuric  acid  the  nitrous  vapours  disengaged 
during  the  solution  of  various  metals,  as  copper,  tin,  mercury,  &c.  in 
nitric  acid,  or  still  more  simply,  the  gas  which  results  from  oxalic  acid. 
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The  author  states  that  this  solution  serves  not  only  as  a  decolo- 
rizer,  but  to  superoxidize  several  metals,  especially  iron. 

Ammoniacal  cochinetxl  may  be  employed  to  detect  -^o'^^dth  of 
nitrous  acid  in  a  solution  by  its  immediate  decoloration.  It  is  a 
more  special  and  certain  reagent  than  the  sulphate  of  iron. — Comptes 
Rcndus,  Fevrier  I  Sol.  

ON  THE  COMPOSITION  OF  NULLIPORES  AND  SOME  CORALLINES. 
BY   M.  DAMOUR. 

The  author  submits  to  the  Academy  the  result  of  researches  which 
he  commenced  last  year  on  the  composition  of  certain  marine  orga- 
nized bodies,  known  by  tlie  name  of  NnUipores .  These  marine  pro- 
ductions, now  classed  with  the  Algae,  at  first  sight  resemble  mineral 
concretions.  They  assume  various  forms  ;  sometimes  that  of  coral- 
loid  branches,  cauliflowers,  lichen,  &c.  They  possess  nearly  the 
colour,  hardness,  and  tenacity  of  calcareous  matter.  They  are 
easily  pulverized.  When  immersed  in  a  weak  acid,  all  the  earthy 
matter  which  they  contain  dissolves  with  efl^ervescence  ;  there  remains 
a  skeleton  of  organic  vegetable  matter,  retaining  precisely  the  form  of 
the  original  specimen,  and  presenting  the  cellular  tissue  peculiar  to 
the  marine  alga?.  This  organic  matter  exhales  the  peculiar  allia- 
ceous odour  which  characterizes  marine  vegetables.  It  is  spongy 
and  nearly  transparent,  and  is  reduced  to  a  very  small  bulk  by  drying. 
Treated  with  solution  of  potash  or  soda,  it  does  not  dissolve  either  cold 
or  hot,  but  it  becomes  more  transparent,  and  thus  behaves  like  most  ve- 
getable tissues.   It  burns  with  flame,  and  usually  leaves  very  little  ash. 

The  author  states  his  obligation  to  MM.  Deshayes  and  Michelin 
for  the  first  specimens  which  served  for  this  examination.  Lately 
M.  Decaisne  supplied  him  with  more,  from  the  collection  of  the 
Museum  of  Natural  History,  belonging  to  well-known  species. 

The  following  table  exhibits  the  results  of  the  analyses  of  various 
species : — 


I. 

Millepora 

cervicomis 

from 

Br^hat 

(Manche). 

2. 

Litho. 
phyllum 
CMediter- 
ranean) . 

3. 

Melobesia, 

new 
species  ? 
(Algeria). 

4. 

Amphiroa 
tribtilus 

(AntiUes). 

5. 

Halymeda 
opuntia 
(Red  Sea). 

6. 

Galajcaura 
fragilis 
(Antilles). 

Carbonate  of  lime   ... 
Carbonate  of  magnesia 

Soda 

Potash 

Peroxide  of  iron 

Sulphuric  acid 

87-32 
8-51 
0-45 
034 
0-55 

0-89 

0-23 

undeter- 
mined 


b-35 
0-64 

"6-63 

77-36 

11-32 

0-55 

0-27 

008 

0-95 

0-32 

j  0-60 

'"4-70 
1-46 

1-36 

72-78 

12-32 

1-75 

0-65 

020 

1-25 
0-38 
0-34 

3-95 
1-40 

'"4-28 

70-83 
16-99 

0-89 

0-39 

0-93 1 

0-27  j 

0-53 

020 
6-40 
138 

86-17 
0-56 
1-13 
0-54 

undeter- 
mined 

undeter- 
mined 

0-84 

0-55 
8-30 
0-90 

72-56 
0-86 
0-73 
1-02 

undeter- 
mined 

undeter- 
mined 

1-17 

1-80 

1750 

0-95 

2-20 

Phosphoric  acid  

Chlorine  ■< 

Sulphate  of  lime 

Organic  mutter    

Moisture 

SiUca   

Mixed  siliceous  sand 

99-91 

98-97 

99-30 

98-81 

98-99 

98-79 
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The  number  1,  obtained  on  the  coast  of  Brehat  (Manche),  forms 
considerable  ridges,  which  are  worked  for  obtaining  hydraulic  lime. 
The  specimen  employed  for  analysis  was  slightly  disintegrated  on 
the  surface,  and,  as  it  were,  fossilized.  It  is  to  this  circumstance 
that  the  author  attributes  its  containing  so  little  organic  matter. 
No.  3  was  obtained  by  M.  Deshayes  on  the  coast  of  Algeria.  This 
species  is  developed  in  great  abundance  on  a  vast  extent  of  this 
coast,  and  precisely  on  those  places  where  the  shock  of  the  waves  is 
felt  most  strongly.  The  numbers  4  and  5,  from  the  collection  of  the 
Museum,  were  sent  to  the  author  by  M.  Decaisue.  It  is  to  be  re- 
marked, that  the  two  last  contain  mere  traces  of  carbonate  of  mag- 
nesia, whilst  the  four  others  contain  from  8-§  to  17  per  cent,  of  this 
carbonate.  In  fact,  the  numbers  5  and  6  belong  to  families  which 
are  very  distinct  from  the  preceding.  The  earthy  matter  w^hich 
covers  them  does  not  penetrate  to  the  interior  of  the  plant.  The 
numbers  1,  2,  3  and  4,  are  intimately  penetrated  with  calcareous 
and  magnesian  matter. 

The  foregoing  analyses  seem  to  indicate  that  the  groups  of  Coral- 
linacese  act  tlie  same  part  in  the  vegetable  kingdom  that  the  Polypi 
and  the  greater  part  of  the  Mollusks  do  in  the  animal  kingdom.  By 
means  of  their  organization,  these  plants  have  the  faculty  of  decom- 
posing the  water  of  the  ocean,  and  to  extract,  secrete,  and  incorpo- 
rate principally  lime  and  magnesia  converted  into  carbonate.  The 
development  of  these  vegetables  on  certain  coasts  and  in  low  lands, 
and  consequently  the  deposits  of  magnesian  limestone  which  they 
must  occasion,  seem  also  deserving  of  consideration  in  the  study  of 
geological  formations. — Comptes  Rendus,  Fevrier  1851. 


ON  SULPHURET  OF  NITllOGEN,  AND  ON  SULPHUR  INSOLUBLE  IN 
SULPHURET  OF  CARBON.       BY  MM.  FORDOS  AND  GELIS. 

In  Graham's  'Manual  of  Chemistry'  there  is  a  compound  de- 
scribed by  the  name  of  Gregory's  sulphuret  of  nitrogen,  which  is 
said  to  be  formed  of  12  equivs.  sulphur  and  1  of  nitrogen.  We  have 
attempted  to  reproduce  this  singular  substance,  but  the  results  ob- 
tained have  led  us  not  to  admit  its  existence.  We  nevertheless  fol- 
lowed the  directions  of  Dr.  Gregory.  We  treated  the  chloride  of 
sulphur  with  liquid  anmionia ;  and  after  having  observed  all  the 
peculiarities  which  accompany  the  reaction,  and  which  have  been 
described  with  the  greatest  care  by  ^I.  Soubeiran,  we  obtained  a 
yellow  substance,  possessing  all  the  characters  assigned  by  Dr. 
Gregory  to  the  sulphuret  of  nitrogen,  and  especially  that  of  fur- 
nishing an  amethyst-red  liquor  when  treated  with  alcohol  containing 
a  little  potash.     This  coloration  however  quickly  disappears. 

As  this  property  likewise  belongs  to  a  mixture  of  sulphuret  of 
nitrogen  and  sulphur,  it  appeared  probable  that  it  was  due  to  these 
two  substances ;  and  we  had  recourse  to  sulphuret  of  carbon  to 
ascertain  their  presence.     This  liquid  dissolved  the  greater  portion 

2  G2 
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of  the  mass.  On  evaporating  the  solution,  it  left  a  residue  consisting 
of  numerous  octahedra  of  sulphur,  coated  with  a  small  quantity  of 
the  ordinary  sulphuret  of  nitrogen,  and  in  some  cases  with  traces  of 
a  golden  yellow  substance,  sparingly  soluble  in  sulphuret  of  carbon, 
and  which  proved  to  be  a  compound  of  chloride  of  sulphur  with 
sulphuret  of  nitrogen.  Whenever  this  happened,  the  residue  re- 
quired to  be  frequently  treated  with  sulphuret  of  carbon  in  order  to 
exhaust  it ;  and  the  property  of  being  coloured  amethyst- red  by  an 
alcoholic  solution  of  potash  persisted  for  a  long  time  ;  for  the  com- 
bination in  question  possesses  this  property,  as  well  as  the  mixture 
of  sulphur  and  sulphuret  of  nitrogen. 

The  residue  insoluble  in  the  sulphuret  of  carbon  was  dried,  then 
reduced  to  powder  and  washed  with  hot  distilled  water,  in  order  to 
remove  a  small  quantity  of  muriate  of  ammonia  which  it  still  con- 
tained. We  then  found  by  analysis  that  it  contained  no  nitrogen, 
water,  hydrogen  or  chlorine ;  it  then  occurred  to  us  that  it  might 
be  an  oxide  of  sulphur.  To  test  the  accuracy  of  this  hypothesis, 
we  treated  a  certain  quantity  of  the  substance  with  fuming  nitric 
acid,  in  order  to  estimate  the  sulphur;  the  weight  of  the  sulphate  of 
baryta  obtained  showed  that  it  consisted  entirely  of  sulphur.  But 
we  have  stated  above  that  it  was  insoluble  in  sulphuret  of  carbon ; 
it  was  therefore  not  ordinary,  but  a  modified  sulphur,  analogous  to 
the  amorphous  modification  of  phosphorus  examined  by  M.  Schroetter. 
M.  Deville  published  in  1848,  in  connexion  with  several  important 
observations  on  sulphur,  the  remarkable  fact,  that  sulphur  which 
has  experienced  sudden  cooling  leaves,  when  treated  with  sulphuret 
of  carbon,  an  appreciable  residue,  varying  from  O'll  to  0*35  of  the 
original  weight.  It  was  evident  that  the  insoluble  sulphur  which  we 
Lad  found  in  trying  to  prepare  Dr.  Gregory's  sulphuret  of  nitrogen, 
was  the  sulphur  discovered  by  M.  Deville  in  the  flowers  of  sulphur 
and  the  soft  sulphur.  M.  Deville  however  attributes  this  modifica- 
tion of  the  sulphur  to  sudden  cooling  ;  but  this  explanation,  which 
applied  to  the  peculiar  circumstances  under  which  he  observed  it, 
cannot  be  admitted  in  the  case  we  have  described,  as  no  heat  was 
employed. 

This  production  by  the  humid  way  of  modified  sulphur  inso- 
luble in  sulphuret  of  carbon,  led  us  to  think  it  might  be  obtained 
under  other  circumstances ;  and  we  soon  found  that  it  occurs  in 
very  large  quantity  in  the  deposit  produced  by  treating  the  chlo- 
rides of  sulphur  with  water.  This  result  clearly  proves  that  in  Dr. 
Gregory's  experiment  the  ammonia  merely  gives  rise  to  various 
compounds,  which  mix  with  the  sulphur  and  alter  its  properties. 

We  have  also  met  with  this  modification  of  sulphur  in  the  deposit 
resulting  from  the  action  of  hydrochloric  acid  upon  solutions  of  the 
hyposulphates,  and  likewise  in  considerable  quantity  in  the  precipi- 
tate produced  by  the  action  of  sulphurous  upon  hydrosulphuric  acid 
in  the  presence  of  water.  The  sulphur  obtained  by  treating  the 
polysulphurets  with  acids  contains  but  a  trace.  The  crystallized 
native  sulphur,  that  which  is  deposited  by  sulphureous  springs,  &c., 
and  that  arising  from  the  slow  oxidation  of  a  solution  of  sulphuretted 
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hydrogen,  are,  ou  tlie  contrary,  soluble  without  residue  in  sulphuret 
ol"  carbon. 

Whenever  chemists  have  detected  the  production  of  different  iso- 
meric states  of  sulphur,  they  have  always  been  obtained  by  the  ac- 
tion of  heat ;  and  no  one  had  previously  indicated  the  possibility  of 
the  formation  of  one  ol  these  modifications  under  water. 

The  sulphur  insoluble  in  sulphuret  of  carbon  is  likewise  so  in 
water,  alcohol  and  aether ;  it  may  be  boiled  in  distilled  water  for  a 
long  time  without  losing  its  property.  When  heated  in  an  oil-bath 
to  about  220°  in  a  glass  tube,  in  which  has  been  placed  for  compari- 
son a  piece  of  ordinary  sulphur,  it  remains  solid  for  some  time  after 
the  ordinary  sulphur  has  melted;  but  if  the  temperature  be  main- 
tained between  220°  and  248°,  it  is  gradually  modified,  and  fuses, 
and  now  dissolves  without  residue  in  sulphuret  of  carbon, —  Comptes 
Rendus,  March  17,  1851. 


CORRECTIONS  IN  MR.  DRACH's  PAPER,  MARCH  1851. 


Table. 

Mon.  hr.  |    Read 

All  24".  ' 

Table.     Mon.  hr. 

Read 

All  241'. 

I. 

April  5.     + 

IV. 

Mav    I. 

-125 

-058 

June  1.     +^125 

+•088 

July    3. 

-•075 

-•050 

II. 

April  5.     + 

+•033 

Oct.  24. 

-•004 

May  12.  1 -t--125 

+•042 

Nov.   2. 

_ 

Aug.  2. 

+  •050 

+•242 

Dec.    1. 

-075 

-021 

III. 

Jan.    3. 

+•0375 

+•0096 

V. 

March  5. 

-100 

-046 

Feb.   2. 

+ 

+•0454 

May  12. 

+  •250 

Mar.  12. 

0 

Mav    5. 

+  •100 

+•137 

Mar.  1.  i  + 

+•0283 

Sept.   3. 

+•100 

+•008 

Apr.  12.  1  +-0725 

+•0200 

VI. 

Jan.  12. 

-•025 

-•004 

June24 

+  0492 

March2. 

+  050 

+  013 

July   1.     -•0275 

-0229 

May    2. 

+•025 

-004 

Aug.24 

+  1246 

June  12. 

+ 

Sept.  4.     +-1225 

June    4. 

•0 

Sept.  5.  i  +-0600 

+  1263 

June    5. 

+•025 

Oct.  12. 

+  1100 

July  24. 

-•083 

Oct.   2. 

+•1825 

+•1679 

Oct.   12. 

-  075 

-042 

Nov.  2. 

+•0050 

Nov.  3. 

+•1100 

+  0713 

In  Table  III.  inse 

rt  one  0  aJ 

^ter  all 

Dec.  2. 

+  1225 

+•0792 

the  decimal  poi 

uts. 

PHOTOGRAPHY. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
The  following  method  of  preparing  positive  photographic  paper, 
which  I  have  not  seen  published  in  England,  I  have  pursued  with 
considerable  success ;  its  simj)licity  and  efficacy  appear  to   me  to 
render  it  worthy  of  notice. 
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To  the  albumen  of  two  fresh  eggs  add  three  drachms  of  saturated 
solution  of  chloride  of  sodium,  beat  it  up  with  a  wooden  fork  into  a 
very  thick  froth,  let  it  stand  for  twelve  hours.  Pour  the  liquor  upon 
a  flat  dish,  and  let  one  surface  of  the  paper  remain  in  contact  with 
the  liquor  for  forty  or  fifty  seconds  ;  then  lift  the  paper  carefully  and 
with  an  even  motion,  and  j^in  up  by  one  corner  to  dry  for  several 
hours.  When  perfectly  dry,  place  it  between  two  sheets  of  writing- 
paper,  and  pass  four  or  five  times  over  it  very  quickly  an  iron,  as 
hot  as  may  be  without  scorching  the  paper.  When  cool,  put  it  upon 
a  solution  of  nitrate  of  silver  (two  drachms  to  an  ounce  of  distilled 
water)  spread  upon  a  glass  plate,  and  let  it  rest  there  four  or  five 
minutes ;  then  hang  up  to  dry.  When  the  impression  is  taken,  fix 
in  the  usual  way. 

By  this  method  the  picture  becomes  varnished  ;  and  a  force,  sharp- 
ness, and  brilliancy  are  produced  not  easily  obtainable  by  other 
means. 

I  remain.  Sir, 

Your  most  obedient  Servant, 

Woking,  Surrey,  W.  R.  Deere  Salmon. 

April  21,  1851. 


GOVERNMENT  MANUFACTURE  AND  PUBLICATION  OF  SCHOOL 
BOOKS  AND  ELEMENTARY  ATORKS  OF  SCIENCE. 

We  would  direct  the  attention  of  our  readers  to  the  correspondence 
between  Lord  John  Russell  and  Messrs.  Longman  and  Co.  and 
Mr.  Murray,  as  recently  published  by  them,  copies  of  which  we 
append  to  our  present  Number. 

The  attempt  to  establish  under  the  patronage  of  Government  a 
monopoly  of  school-books  to  be  produced  at  the  public  expense,  is 
reprehensible,  not  merely  as  regards  the  just  principles  of  trade,  but 
as  being  entirely  hostile  to  the  interests  of  science,  whether  we  con- 
sider the  means  of  its  advancement  and  diffusion,  or  the  benefit  of 
those  who  are  engaged  in  their  promotion. 

The  production  of  elementary  works  of  the  best  kind,  adapted  to 
the  continually  progressive  state  of  the  sciences,  must  ever  be  an 
object  of  great  importance,  and  should  freely  be  left  in  the  hands  of 
those  men  of  science  who  are  best  able  to  supply  them,  and  of  whose 
competence  the  scientific  public  are  the  best  judges. 

The  measure  complained  of  tends  directly  to  the  establishment  of 
a  monopoly,  fostered  by  the  irresponsible  favoritism  of  some  Board 
or  Commission  (probably,  as  in  many  instances  of  late,  under  the 
influence  of  forward  quacks  and  pretenders  who  easily  impose  them- 
selves on  members  of  the  Government)  ;  and  such  favoritism  and 
adventitious  aid  must  evidently  tend  to  the  discouragement  and 
eventual  proliibition  of  works,  however  superior,  which  cannot  con- 
tend against  such  unfair  advantages. 

Nor  must  it  be  overlooked,  that  the  public  money  thus  to  be  ex- 
pended is  in  part  levied  upon  those  who  come  unaided  into  the  field 
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of  competitiou  with  a  hea\T  duty  on  paper  and  other  imposts  to 
contend  with. 

As  might  he  expected,  some  of  the  participators  of  this  govern- 
ment patronage  have  had  no  scruple  in  appropriating  the  labours  of 
others ;  and  Government  has  actually  had  to  pay  600/.  of  public 
money  to  compromise  a  case  of  piracy  perpetrated  under  its  sanction. 

Richard  Taylor. 


METEOROLOGICAL   OBSERVATIONS   FOR  MARCH    1851. 

Chiswick. — JNIarch  1.  Clear:  cloudy.  2.  Clear:  dark  clouds  :  clear  and  frosty. 
3.  Overcast :  sharp  frost  at  night.  4.  Cloudy  and  fine.  5.  Densely  overcast : 
rain.  6.  Clear:  cloudy  and  cold.  7.  Overcast.  8.  Foggy:  overcast.  9.  Fine: 
drizzly.  10.  Cold  rain.  11.  Clear :  cloudy  .  clear  and  frosty.  12.  Rain.  13. 
Fine.  14.  Frosty,  with  slight  fog  :  fine:  hazy.  15.  Constant  rain.  16.  Clear 
and  fine.  17.  Foggy:  rain.  18.  Hazy  and  damp  :  rain.  19.  Overcast:  rain. 
20,  21.  Fine.  22.  Heavy  rain.  23.  Densely  clouded  :  rain.  24.  Cloudy. 
25.  Overcast :  rain.  26.  Kain.  27.  Slight  showers.  28.  Fine.  29.  Boisterous, 
with  heavy  showers.     30.    Fine.      31.    CiOudy  and  fine. 

Mean  temperature  of  the  month    41°'72 

IVIean  temperature  of  31arch  18.^0    37  "71 

Mean  temperature  of  March  for  the  last  twenty-five  years...   42  '55 
Average  amount  of  rain  in  IMarch     1"36  inch. 

Boston. — March  I.  Fine:  snow  and  sleet  early  a.m.  2,  3.  Cloudy.  4.  Fine: 
rain  a.m.  and  p.m.  5.  Rain.  6,  7.  Cloudy.  8.  Cloudy  :  rain  p.m.  9,  Cloudy  : 
rain  A.M.  and  P.M.  10.  Rain.  11.  Fine.  12,  13.  Cloudy :  rain  p.m.  14.  Fine: 
rain  p.ji.  15.  Foggy:  rain  a.m.  and  v..m.  i6.  Foggy.  17 — 20.  Cloudy: 
rain  p.m.  21.  Fine:  rain  p.m.  22.  Cloudy:  rain  a.m.  and  p.m.  23.  Rain: 
rain  A.ir.  and  p.m.  24.  Fine.  2.5.  Cloudy  :  rain  p.m.  26.  Rain  :  rain  a.m. 
27.  Cloudy:  rain  p.m.     28.  Fine.     29,  30    Cloudy:  rain  p.m.    31.  Fine:  rain  p.m. 

Applegarlh  Manse,  Diimfrie<i-shirc. —  IMarch  1.  Gray  morning  :  cleared  p.m. 
2.  Gray  morning  :  dull  and  cloudy  p.>r.  3.  Gray  morning  :  chill.  4.  Gray 
morning  A.M.  :  slight  drizzle  p.. M.  5.  Fine  :  rain  preceding  night.  6.  Clear  and 
cold  :  bright  sun  :  frosty  p.m.  7.  Frost  hard  :  threatening  change  p.m.  8.  No 
frost  :  rain  :  moist  all  day.  9.  Rain  all  day.  10.  Keen  and  cold  :  snow  on  hills. 
11.  Frost  hard  ;  clear:  cloudy  p.m.  12.  Rain  a.m.  :  cleared  :  rain  and  hail  p.m. 
IS.  Fair  A.M.  :  shower  at  noon  and  p.m.  14.  Fair  a.m.  :  shower:  wind  rising. 
15.  Showers  heavy  during  night.  16.  Frosty  :  fine  day  :  mild  p. m  17.  Frosty 
and  keen  ;  fair  all  day.  IS.  Cloudy  a.m.  :  rain.  19.  Fair  till  six  p.m.  :  rain  and 
wind.  20.  Fair  till  seven  p.m.  :  rain  and  wind.  21.  Variable  :  showers  frequent 
and  heavy.  22.  Fair  a.m.  :  slight  drizzle  p.m.  23.  Rainy  morning  :  cleared  and 
fine.  24.  Fine:  clear:  drying.  25.  Gray  and  cold  :  shower  p.m.  26.  Very 
lieavyrain  :  flood.  27.  Dry  a.m.  :  shower  p.m.  :  snow  on  hills.  28.  Heavy  rain  : 
hail.  29.  Fine  :  a  few  drops  rain  p.ji.  30.  Clear  and  fair  :  a  few  drops  p.m. 
31.   Rain  p.m. 

Mean  temperature  of  the  month     40"'9 

INIean  temperature  of  ^larch  1850 ..  40*3 

Mean  temperature  of  March  for  twenty-nine  years     39  "6 

Average  rain  in  March  for  twenty-four  years 2'22  inches. 

Sandwich  Mouse,  Orkiiei/.—  March  1.  Cloudy  :  aurora.  2.  Cloudy.  3.  Cloudy  : 
fine.  4.  Rain  :  fine.  5.  Snow-showers.  6.  Snow-showers  :  cloudy.  7.  Cloudy  : 
clear.  8.  Fine  :  clear  :  drops.  9.  Cloudy  :  drops.  10.  Clear  :  showers.  11. 
Clear:  drops.  12.  Rain:  clear.  13.  Bright:  cloudy.  14.  Fine.  15,  16.  Fine: 
hoarfrost:  fine.  17.  Fine:  hoarfrost.  18.  Fine:  hoarfrost:  sleet-showers. 
19.  Bright:  fine.  20.  Cloudy  :  clear.  21.  Rain.  22.  Damp  :  clear :  aurora. 
23.  Rain.  24.  Damp :  cloudy.  25,  26.  Cloudy.  27.  Drizzle :  showers.  28. 
Showers.  29.  Showers  :  rain  :  aurora.  30.  Bright:  showers.  31.  Showers: 
clear. 
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LXI.    On  the  Vibrations  of  Plane-Polarized  Light. 
By^N.  J.  Macquorx  Raxkixe,  C.E.,F.R.S.E.,F.R.S.S.A.  .jjc* 

1.  nr^HE  important  question, whether  the  direction  of  vibration 
-»-  in  plane-polarized  light  is  normal  or  parallel  to  the  plane 
of  polarization,  is  equivalent  to  this  : — whether  the  velocity  of 
propagation  of  a  rectilinear  transverse  vibratory  movement  in  the 
medium  which  transmits  light  in  ciystallized  bodies  is  a  function 
of  the  direction  of  vibration  only,  or  of  the  position  of  the  plane 
lohich  includes  the  direction  of  vibration  and  the  direction  of  trans- 
7nission. 

The  former  of  these  views  was  adopted  by  Fresnel,  as  being 
necessary  to  explain  the  phseuomena  of  polarization  by  reflexion ; 
and  in  Mr.  Green's  investigation  of  the  laws  of  these  pheenomena, 
in  which  the  conclusions  of  Fresnel  are  sho^Ti  to  agree  either 
exactly  or  approximately  with  the  consequences  of  strictly  mecha- 
nical principles,  the  same  supposition  is  adopted. 

But  if  we  follow  the  generally  received  theory,  that  the  differ- 
ent velocities  of  differently  polarized  rays  in  ciystalline  bodies 
are  due  solely  to  the  diff'erent  degrees  of  elasticity  possessed  by 
the  \'ibrating  medium  in  different  directions,  Fresnel's  supposition 
must  be  abandoned  and  the  opposite  one  adopted.  For  if  there 
is  any  proposition  more  certain  than  others  respecting  the  laws 
of  elasticity,  it  is  this  : — that  the  transverse  elasticity  of  a  medium, 
or  the  elasticity  which  resists  distortion  of  the  particles,  depends 
upon  the  position  of  the  plane  of  distortion,  being  the  same  for 
all  directions  of  distortion  in  a  given  plane.  This  law  is  impli- 
citly involved  m  the  researches  of  Poisson,  of  M.  Cauchy,  of 
Mr.  Green,  and  others  on  elasticity ;  and  in  a  memoir  read  to 
the  British  Association  at  Edinburgh  in  1850,  and  published  in 

*  Communicated  bj-  the  Author,  having  been  read  to  the  Royal  Societj" 
of  Edinburgh,  December  2,  1850. 
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the  Cambridge  and  Dubliu  IMathematical  Journal  for  Febioiaiy 
1851,  1  have  shown  that  it  is  true  independently  of  all  hj-jio- 
theses  respecting  the  constitution  of  matter^  being  a  necessaiy 
consequence  of  the  conception  of  an  elastic  medium.  Now  a 
wave  of  plane-polarized  light  is  a  wave  of  distortion  :  the  plane 
of  distortion  is  tlie  plane  which  includes  the  direction  of  trans- 
mission and  the  direction  of  vibration  :  the  elasticity  called  into 
play  depends  on  the  position  of  this  plane  ;  therefore,  if  the  velo- 
city of  propagation  depends  upon  elasticity  alone,  the  plane  of 
distortion  must  be  the  plane  of  polarization  ;  and  if  a  normal  be 
drawn  to  that  plane,  the  velocity  of  propagation  will  be  a  func- 
tion of  the  position  of  that  normal,  and  not,  as  supposed  by 
Fresnel,  of  the  direction  of  vibration  itself. 

2.  Up  to  a  very  recent  period,  no  experimental  data  existed 
adequate  to  determine  which  of  these  suppositions  is  supported 
by  facts ;  for  the  pha^nomena  of  double  refraction  are  consistent 
with  either ;  and  the  theory  of  polarization  by  reflexion  is  not 
regarded  as  sufficiently  certain  to  afford  the  means  of  deciding 
this  question.  At  length,  however,  the  experimentum  crucis  has 
been  made  by  Professor  Stokes,  and  the  result  is  conclusive  in 
favour  of  the  supposition  of  Fresnel. 

In  his  ])aper  on  Diff"raction  (Cambridge  Transactions,  vol.  ix. 
part  1),  Professor  Stokes  has  shown,  that  on  any  conceivable 
theory  of  the  propagation  of  undulations  of  light,  vibrations 
normal  to  the  plane  of  diffraction  must  be  transmitted  round  the 
edge  of  an  opake  body  with  less  thminution  of  intensity  than 
vibrations  in  that  plane.  Therefore,  when  light  of  which  the 
vibrations  are  oblique  to  the  plane  of  diffraction  is  so  transmitted, 
the  plane  of  vibration  will  be  more  nearly  perpendicular  to  the 
plane  of  diffraction  in  the  diffracted  ray  than  in  the  incident  ray. 
He  has  found  by  experiment,  that  when  light  of  which  the  plane 
of  polarization  is  oblique  to  the  plane  of  diffraction  is  transmitted 
roimd  the  edge  of  an  opake  body,  the  plane  of  polarization  is 
more  nearly  parallel  to  the  plane  of  diffraction  in  the  diffi'acted 
than  in  the  incident  ray.  The  necessary  conclusion  is,  that  the 
direction  of  vibration  hi  plane-polarized  light  is  normal  to  the 
plane  of  polarization ;  in  other  words,  that  the  velocity  of  light 
in  crystallized  media  depends  on  the  direction  of  vibration,  as  con- 
jectured by  Fresnel. 

This  result  of  experiment  is  at  variance  with  the  necessary 
consequences  of  the  supposition,  that  the  velocity  of  light  depends 
on  elasticity  alone ;  therefore  that  supposition  is  inadequate  to 
explain  the  phgenomena  of  polarized  light. 

3.  Having  considered  what  modiffcations  must  be  introduced 
into  our  hypothetical  conceptions  of  the  nature  of  the  mechmn 
which  transmits  light  to  make  them  adequate  to  explain  the 
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facts  which  have  thus  been  estabhshed,  1  now  oflfer  the  following 
suggestions. 

In  a  paper  read  to  the  Royal  Society  of  Edinbm-gh,  and  pub- 
lished in  their  Transactions^  vol.  xx.  part  1,  I  proposed  as  a 
foundation  for  the  theory  of  heat,  and  of  the  elasticity  of  gases 
and  vapours,  an  hj'potliesis  called  that  of  molecular  vortices ; 
and  in  a  subsequent  paper,  already  referred  to,  I  deduced  from 
the  same  hypothesis  some  principles  relative  to  the  elasticity  of 
sohds.  I  shall  now  show  that  Fresnel's  conjectui'c  as  to  the 
direction  of  vibration  in  plane-polarized  hght  is  a  natural  con- 
sequence of  that  hj-]Dothesis. 

The  fundamental  suppositions  of  the  hypothesis  of  molecular 
vortices  are  the  following  : — 

First.  That  each  atom  of  matter  consists  of  a  nucleus  or  cen- 
tral physical  point  enveloped  by  an  elastic  atmosphere,  which  is 
retained  round  it  by  attraction ;  so  that  the  elasticity  of  bodies 
is  made  up  of  two  parts  ;  one  arising  from  the  diffused  portion 
of  the  atmospheres,  and  resisting  change  of  volume  only ;  the 
other  arising  from  the  mutual  actions  of  the  nuclei,  and  of  the 
portions  of  atmosphere  condensed  round  them,  and  resisting  not 
only  change  of  volume  but  also  change  of  figure. 

Secondly.  That  the  changes  of  elasticity  due  to  heat  arise  from 
the  centrifugal  force  of  revolutions  or  oscillations  among  the 
particles  of  the  atomic  atmospheres,  diffusing  them  to  a  greater 
distance  from  their  nuclei,  and  thus  increasing  the  elasticity 
which  resists  change  of  volume  only,  at  the  expense  of  that 
which  resists  change  of  figure  also. 

Thirdly.  That  the  medium  which  transmits  light  and  radiant 
heat  consists  of  the  nuclei  of  the  atoms,  \ibrating  independently, 
or  almost  independently,  oftheii-  atmospheres;  absorption  being 
the  transference  of  motion  from  the  nuclei  to  the  atmospheres, 
and  emission  its  transference  from  the  atmospheres  to  the  nuclei. 

This  last  supposition  is  pecuhar  to  my  own  researches,  the 
fii'st  two  having  more  or  less  resemblance  to  ideas  previously 
entertained  by  others. 

If  an  indefinitely  extended  vibrating  medium,  equally  elastic 
in  all  directions,  consist  of  a  system  of  atomic  nuclei,  tending  to 
preserve  a  certain  configuration  in  consequence  of  their  mutual 
attractions  and  repulsions,  it  is  well  known  that  such  a  medium 
is  capable  of  trausmittmg  two  sorts  of  \-ibrations  only,  longitudinal 
and  transvei'se ;  the  latter  alone  being  supposed  to  be  concerned 
in  the  phsenomena  of  Light.  It  is  also  well  known,  that  the 
square  of  the  velocity  of  propagation  of  transverse  ^dbratious  is 
du-ectly  proportional  to  a  quantity  called  the  transverse  elasticity 
of  the  medium,  arising  from  the  mutual  actions  of  the  nuclei, 
and  inversely  proportional  to  its  density,  that  is,  to  the  sum  of 
the  masses  of  all  the  nuclei  contained  m  unitv  of  volume.     To 
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acco\int  for  the  immense  velocity  of  lights  the  masses  of  the 
atomic  nuclei  unist  be  sui)posecl  to  be  very  small  as  compared 
with  the  nnitual  forces  exerted  by  them. 

In  stating  the  third  supposition  of  the  hypothesis,  the  nuclei 
are  said  to  vibrate  independently,  or  almost  independently,  of  their 
atmospheres ;  for  the  absolute  independence  of  their  vibrations 
is  probably  an  ideal  case,  not  realized  in  nature,  though  a])- 
proached  very  nearly  in  the  celestial  space,  where  the  atomic 
atmospheres  must  be  inconceivably  raretied. 

As  a  pendulum  is  known  to  be  accompanied  in  its  oscillations 
by  a  portion  of  the  air  in  which  it  swings,  so  the  nuclei  pro- 
bably in  all  cases  carry  along  with  them  in  their  vibrations  a 
small  portion  of  their  atuiospheres,  which  acts  as  a  load,  increasing 
the  vibrating  mass  without  increasing  in  the  same  ])roportion 
the  elasticity,  and  consequently  retarding  the  velocity  of  trans- 
mission. The  amount  of  this  load  must  depend  on  the  density 
of  the  atomic  atmosphere ;  and  accordingly  we  find  that,  gene- 
rally speaking,  the  most  dense  substances  are  those  in  which 
the  velocity  of  light  is  least. 

Now  if  we  assume,  what  is  extremely  ])robable,  that  in  crystal- 
lized media  the  atomic  atmospheres  are  not  similarly  diffused  in 
all  directions  romid  their  nuclei,  but  are  more  dense  in  certain 
directions  than  in  others,  we  must  at  once  conclude  that  in  such 
media  the  velocity  of  propagation  of  vibratory  movement  depends 
0)1  the  direction  of  vibration  ;  for  npon  that  direction  depends 
the  load  of  atmosphere  which  each  nucleus  carries  along  with  it. 

4.  Having  thus  shown  that  the  conjecture  of  Fresnel,  which 
has  been  confirnu'd  by  the  experiments  of  Professor  Stokes,  is  a 
iiatm-al  consequence  of  the  hypothesis  of  molecular  vortices,  I 
shall  now  prove  that  that  hypothesis  leads  to  those  mathematical 
laws  of  the  transmission  of  light  in  crystalline  media  which 
Fresnel  discovered. 

Considering  it  desirable  in  this  paper  to  aAoid  lengthened 
algebraical  analysis,  I  shall  with  that  view  state  in  the  first  ])lace 
certain  known  geometrical  pro})ert!es  of  the  ellipsoid,  to  which 
it  will  be  necessary  for  me  to  refer. 

I.  If  a  curved  surface  be  described  about  a  centre,  such  that  the 
sum  of  the  reciprocals  of  the  squares  of  any  three  orthogonal 
diameters  is  a  constant  quantity,  that  surface,  if  no  diameter  is 
infinite,  is  an  ellipsoid. 

II.  Every  function  of  direction  round  a  centre,  whose  variation 
from  a  given  amount  varies  as  the  reciprocal  of  the  square  of  the 
diameter  of  an  ellipsoid  described  about  that  centre,  is  itself  pro- 
portional to  the  recij)rocal  of  the  square  of  the  diameter  of  an- 
other ellipsoid  described  about  the  same  centre  with  the  first, 
and  having  the  directions  of  its  axes  the  same. 

III.  It  follows  from  the  last  proposition,  that  if  there  be  a 
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function  of  dii-ection  round  a  centre  which  is  proportional  to  the 
reciprocal  of  the  square  of  the  diameter  of  an  ellipsoid  of  small 
exceutricitieSj  so  that  the  range  of  variation  of  the  function  is 
small  as  compared  with  its  amount,  then  any  function  of  that 
function,  whose  range  of  variation  is  small  also,  may  be  repre- 
sented approximately  by  the  reciprocal  of  the  square  of  the  dia- 
meter of  another  ellipsoid,  having  its  centre  and  the  directions 
of  its  axes  the  same  with  those  of  the  first. 

The  square  of  the  velocity  of  })ropagation  of  transverse  vibra- 
tions is  proportional  to  the  transverse  elasticity  of  the  mechum 
divided  by  the  mean  density ;  that  is,  by  the  sum  of  all  the 
vibrating  masses  in  unity  of  volume.  That  sum  is  the  sum  of 
the  masses  of  the  nuclei,  added  to  the  masses  of  atmosphere  with 
which  they  are  loaded.  The  atmospheric  load  of  each  nucleus 
depends  on,  or  is  a  fimction  of,  the  density  of  the  atmosphere 
adjoining  the  nucleus  along  the  line  in  which  the  latter  vibrates. 
The  mode  of  distribution  of  the  atmospheres  depends  on  the 
attraction  of  the  nuclei  u])on  them,  and  therefore  on  the  mode 
of  arrangement  of  the  nuclei.  The  mode  of  arrangement  of  the 
nuclei,  when  it  is  symmetrical  and  uniform,  may  be  expressed  by 
means  of  their  mean  intervals. 

The  mean  interval  of  the  nuclei  is  a  function  of  direction,  of 
such  a  nature  that  its  three  values  for  any  thi-ee  orthogonal 
directions  being  midtiplied  together  give  a  constant  result,  A"iz. 
the  space  occupied  (not  fiUecl)  by  one  nucleus,  or  the  quotient 
of  a  given  space  by  the  number  of  nuclei  contained  in  it.  Hence 
the  sum  of  the  values  of  the  logarithm  of  the  mean  interval  for 
any  three  orthogonal  directions  is  a  constant  quantity ;  and  that 
logarithm,  therefore,  is  proportional  to  the  reciprocal  of  the 
square  of  the  diameter  of  an  ellipsoid,  whose  three  axes  may  be 
cdXledi  the  axes  of  atomic  distribution.  Therefore  the  mean  in- 
terval, the  atmospheric  load  of  the  nuclei,  and  the  square  of  the 
velocity  of  propagation,  for  a  given  direction  of  transverse  vibra- 
tion, are  all  functions  of  the  reciprocal  of  the  square  of  the  dia- 
meter of  an  ellipsoid,  and  have  maxima  and  minima  corresponding 
to  its  three  axes,  which  are  those  of  atomic  distribution. 

Now  in  all  known  crystalline  media  the  range  of  variation  of 
these  quantities  for  different  directions  is  very  small  compared 
with  their  amount.  Therefore  each  of  them  may  be  approxi- 
mately  represented  by  the  reciprocal  of  the  square  of  the  diameter 
of  an  ellipsoid  whose  axes  are  parallel  to  those  of  atomic  distri- 
bution. 

If,  then,  the  dii-ections  of  vibration  in  a  given  crystal  which 
correspond  to  the  greatest  and  least  velocities  of  transmission 
are  known,  let  these  directions  (which  are  at  right  angles  to  each 
other),  and  a  third  direction  at  right  angles  to  them  both,  be 
taken  for  the  axes  of  an  ellipsoid,  the  lengths  of  those  axes  being 
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inversely  proportional  to  the  corresponding:  velocities  of  trans- 
mission. Then  ^N-ill  the  velocity  of  transmission  of  any  trans- 
verse vibratoiy  movement  be  sensibly  proportional  to  the  reci- 
])rocal  of  a  diameter  of  that  ellipsoid,  drawTi  parallel  to  the 
direction  of  vibration.  And  if  a  plane  be  di'awn  through  the 
centre  of  the  ellipsoid  parallel  to  a  series  of  plane-waves,  the  two 
axes  of  the  elliptic  section  so  made  will  represent  in  magnitude 
the  reciprocals  of  the  greatest  and  least  normal  velocities  of 
•transmission  of  waves  parallel  to  that  plane,  and  in  direction,  the 
corresponding  directions  of  vibration. 

This  agrees  exactly  with  the  construction  given  by  Fresnel, 
on  which  his  entire  theory  of  double  refraction  is  founded. 

The  degree  of  symmetiy  and  uniformity  of  arrangement  of 
the  atoms  which  is  necessary  in  order  that  the  mean  inten-al 
may  have  a  definite  value,  and  that  three  axes  of  distribution 
may  exist,  is  the  same  which  is  necessary  to  the  existence  of 
rectangular  axes  of  elasticity  in  a  solid  body.  It  must  extend, 
round  each  point,  throughout  a  space  which  is  large  as  compared 
with  the  sphere  of  appreciable  molecular  action. 

The  experiments  of  Sir  David  Brewster  and  of  T^resnel  on  the 
action  of  compressed  glass  on  polarized  light,  show  that  rays 
polarized  iu  a  plane  normal  to  the  direction  of  compression,  that 
is  to  say,  vibrations  parallel  to  that  direction,  are  accelerated. 
This  indicates  that  the  atmospheric  load  on  each  vibrating  nucleus 
in  that  direction  is  diminished,  probably  by  the  displacement  of 
a  portion  of  the  atmosphere  out  of  that  line. 

5.  Though  I  have  assumed  in  the  course  of  this  investigation 
that  the  luminiferous  medium  is  equally  elastic  in  all  directions, 
I  by  no  means  intend  to  assert  that  it  is  necessarily  so  in  all 
substances ;  but  merely  that,  in  most  known  crystalline  media, 
an  atmospheric  load  on  the  vibrating  nuclei  is  the  predominant 
cause  of  variation  in  the  velocity  of  transmission  vrith  the  direc- 
tion of  transverse  vibration. 

It  is  remarkable  that  Fresnel,  in  his  theory  of  the  intensity  of 
retlected  and  refracted  light,  speaks  of  the  particles  of  the  lumi- 
niferous medium  as  being  more  or  less  loaded  in  substances  of 
greater  or  less  refractive  power.  He  did  not,  however,  apply 
this  idea  to  double  refraction,  although  he  adopted  a  theory, 
which,  as  we  have  seen,  results  from  it. 

The  principles  laid  down  in  this  paper  are  not  compatible  with 
the  prevalent  idea  of  a  luminiferous  aether  enveloping  ponderable 
particles.  The  fundamental  idea  from  which  they  sj)riug  is  the 
converse :  that  the  luminiferous  medium  is  a  system  of  atomic 
nuclei  or  centres  offeree,  whose  office  it  is  to  give  form  to  matter; 
while  the  atmospheres  by  which  they  arc  smTounded  give,  of 
themselves,  merely  extension. 
Glasgow,  August  1850. 
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LXIL  Oti  the  Magnetic  Axes  of  Crystals,  and  their  relation  to 
Crystalline  Form  and  to  the  Optic  Axes.  By  Prof.  Plucker 
and  Dr.  Beer*. 

Introduction. 

1.  nnO  the  discoveiy  of  Faraday,  that  the  magnet  acts  upon 
A       all  bodies  in  nature,  attaches  itself  the  new  fact,  that 
this  action  is  modified  in  a  peculiar  manner  when  the  body  is 
crystalline. 

2.  According  to  Faraday,  bodies  range  themselves  in  two 
great  classes,  the  magnetic  and  the  diamagnetic.  I  regard  the 
diamagnetic  phgenomena  originally  described  by  him  just  as  I 
do  the  magnetic,  as  being  produced  by  induction,  with  this  dif- 
ference only,  that  by  the  induction  of  magnetic  substances  the 
north  pole  excites  a  south  pole,  and  the  south  pole  a  north  pole ; 
whereas  by  the  induction  of  diamagnetic  substances  the  north 
pole  excites  a  north  pole,  and  the  south  pole  a  south  pole.  In 
the  language  of  the  theory  of  Ampere,  the  meaning  of  this  would 
be,  that  in  magnetic  substances  molecular  currents  are  excited 
which  have  the  same  direction  as  the  inducing  stream,  whereas 
in  diamagnetic  substances  the  molecular  currents  have  an  opposite 
direction.  Could  we  succeed  in  rendering  the  induced  currents 
in  diamagnetic  bodies  permanent,  as  in  the  case  of  magnetic  steel, 
such  a  permanent  diamagnet  could  in  no  way  be  distinguished 
from  a  permanent  magnet :  magnetism  and  diamagnetisra  are 
identical.  The  development  only  of  both  is  different :  magnetic 
and  diamagnetic  induction  are  opposite.  I  have  followed  up 
this  view  in  a  memoir  presented  to  the  Royal  Society  of  the  Ne- 
therlands (December  184-9),  in  which  the  existence  of  diamag- 
netic polarity,  already  proved  by  MM.  Reich,  Weber,  Poggendorff 
and  myself,  is  established  by  new  and  various  experiments. 

3.  In  the  same  memoir  experiments  are  adduced  in  proof  of 
the  opinion,  that  the  coercive  force,  which  varies  considerably  in 
different  magnetic  substances,  must  also  be  exhibited  in  cases  of 
diamagnetic  induction,  and  that  it  is  comparatively  greater  hei'e 
than  in  cases  of  magnetic  induction.  The  coercive  force  mani- 
fests itself  particularly  therein,  that  the  polarity  once  conferred 
does  not  vanish  with  the  inducing  stream.  I  have  proved  this 
with  bismuth.  The  coercive  force  manifests  itself  also  by  the 
fact,  that  when  a  body  possesses  it  in  a  high  degree,  to  attain  a 
certain  amount  of  magnetic  or  diamagnetic  power  the  said  body 
must  be  brought  to  a  stronger  pole,  or  nearer  to  the  same  pole 
than  a  body  of  less  coercive  force.  And  in  this  way  the  law 
established  otherwise  by  experiment,  that  the  magnetic  induction 
decreases  more  slowly  with  the  strength  of  the  poles,  and  con- 

*  From  Poggendorff 's  Annalen,  vol.  Ixxxi.  p.  115. 
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sequcntly  also  with  the  distance  from  thciii,  than  the  diamagnetic 
induction,  is  readily  explained ;  a  hnv  whose  validity  receives 
manifold  support  from  the  experiments  detailed  further  on. 

•i.  "With  regard  to  the  modification  of  magnetic  and  diamag- 
netic  induction  brought  about  by  crystallization,  I  must  refer 
back  to  the  question  as  it  stood  on  the  publication  of  the  pro- 
gramme of  this  university,  iVugust  3,  184'9,  a  complete  transla- 
tion of  which  has  found  a  place  in  the  Annales  de  Chimie  et  de 
Physique.  It  is  there  stated,  that  in  crystals  which  belong  to 
the  tesseral  system,  the  connnon  magnetic  and  diamagnetic  action 
is  not  raodilied;  that  in  crystals  with  one  optic  axis,  the  latter 
is  attracted  or  re])elled  according  as  the  crystal  is  positive  or 
negative,  and  that  in  crystals  possessing  two  optic  axes,  the 
attraction  or  repulsion  extends  to  both.  Not  without  caution 
was  the  last  assertion  written  down.  I  was  quite  conscious  that 
a  foreign  admixture  of  iron  might  have  been  present  in  some  of 
the  experiments  from  which  I  had  made  deductions;  and  again, 
a  theoretic  difficulty  presented  itself  in  the  fact,  that  the  division 
of  crystals  with  two  axes  into  positive  and  negative  is  not  an 
essential  one,  the  difference  disappearing  in  those  crystals  whose 
axes,  as  in  the  case  of  sulphate  of  iron,  are  at  right  angles  to 
each  other.  In  the  place  of  the  former  hypothesis  I  then  tried 
to  substitute  another,  that  an  action  on  Fresnel's  three  axes  of 
elasticity  takes  place.  I  will  here  cite  the  words  of  the  pro- 
gramme itself: — 

"  Rejecta  aliquamdiu  hypothesi  a  nobis  de  actioue  magnetis 
in  axes  opticos  posita  (namque  si  invenire  velis,  ne  anxius  inter- 
pretationem  jam  a  te  inventa  explieantem  retineas,  vide)  nobis 
problema  proposuimus  annou,  pro  ilia  hypothesi,  pha^nomena 
explieari  possent  e  sola  tetheris  in  crystallis  distributione  a  Frcsnel 
exposita.  Etenim  ilia  linea  media  in  crystallis  positivis,  in  quibus 
attrahitur,  minim?e,  atque  in  negativis,  in  quibus  repellitur, 
maximse  elasticitatis  est  axis.  Corpus  lingamus  inter  polos  ita 
suspensum,  ut  circum  gravitatis  centrum  ei  libere  rotandi  data 
sit  facultas,  atque  circum  idem  centrum  notam  illam  ellipsoi- 
dicam  superficiem  descriptam,  cujus  radii  vectores  elasticitatum 
quadratis  sunt  tequi.  Noune,  fortasse  quieris,  tale  corpus  ita  diri- 
gitur  ut  minimus  ellipsoidis  axis  cum  linea  concidat  polos  conjun- 
gente  ?  Nonne,  si  circum  verticalem  tantum  axem  torqueri 
potest,  cum  situm  petit,  quo  elasticitatis  minoris  directiones  ante 
ceteras  polis  adversre  sunt  .  .  .  .  ?  Itaque  hsec  hypothesis  est 
relinqueuda."   (P.  21.) 

Further  experience  since  that  time  pronounces  it  a  vain  attempt 
to  endeavour  to  refer  the  difference  of  magnetic  action  in  different 
directions  through  the  crystal  to  the  different  density  of  the 
aether  in  these  directions.  I  felt  at  that  time  the  necessity  of 
undertaking  the  former  observations  anew,  and  of  applying  all 
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the  means  which  an  increased  acquaintance  with  the  subject 
placed  at  my  disposal.  It  was  necessaiy  that  the  facts  which 
led  to  mv  hvi)othesis  should  be  multiplied,  and  by  new  optic  and 
magnetic  experiments  rendered  irrefragable. 

5.  Beforehand,  however,  it  was  necessary  to  ascertain  with  greater 
accuracy  the  nature  of  the  force  to  which  the  phfenomena  were 
due.  I  have  stated  the  question  with  perfect  tUstinctucss  in  the 
programme,  but  had  not  at  the  time  an  answer  to  it.  Whence 
does  it  arise,  that  a  prism  of  tomnnaline  suspended  horizontally 
between  the  pointed  poles  is  attracted  when  the  latter  are  near 
each  other,  but  recedes  from  them  when  the  poles  are  removed 
to  a  greater  distance,  the  mass  of  the  crystal  being,  however, 
still  attracted  ?  The  centre  of  gra\"ity  of  each  half  retires  as  far 
as  possible  from  the  poles  when  the  tourmaline  is  suspended 
from  its  middle ;  and  when  hmig  so  as  to  be  able  to  rotate  round 
one  end,  the  centre  of  gravity  of  the  entire  mass  recedes  from 
the  nearer  and  more  strongly  attracting  pole. 

6.  We  have  therefore  first  of  all  an  attraction  of  the  mass  of 
the  crystal  and  repulsion  of  a  certain  direction  through  the  same. 
This  is  the  expression  which  describes  the  phcenomena  as  they 
exhibit  themselves.  Quite  identical  there^^'ith  is  the  statement 
that  the  ciystal  is  differently  attracted  in  different  directions ; 
as  such  an  action  can  be  mechanically  resolved  into  a  uniform 
attraction  of  the  entire  mass,  and  an  attraction  or  repulsion  of  a 
certain  direction.  Xot  an  iota  more  is  explained  by  the  latter 
assumption  as  long  as  we  do  not  enter  upon  the  nature  of  the 
active  forces. 

Messrs.  Tyndall  and  Knoblauch,  who  have  published  their 
investigations  on  the  depoi-tment  of  ciystalline  bodies  both  in 
these  Annals  and  in  two  memoirs  in  the  Philosophical  ilagazine, 
consider  that  this  difference  of  attraction  contradicts  the  expla- 
nation which  I  have  given.  I,  however,  on  my  side,  had  before 
expressed  the  same  modified  conception  in  the  programme : — 

"  Quo  niodo  enim  pli?enomena  explicare  vis  "r  Xon  displiceret 
nobis  pouere,  in  jethere  gv'ros  Ampericos  inductione,  una  aut 
altera  directione,  circuni  axes  facilius  et  vahdiores  nasci,  aut 
quod  idem,  crystallum  inductione  magneticum,  polos  secundum 
axium  opticorum  directionem  adipisci :  nisi  hpec  nova  \'idendi 
ratio  etiam  attractionem  aut  repidsionem  massie  posceret,  solo 
axium  situ  mutatam.     Qupe  actio  diversa  nan  observatur." 

7.  The  last  assertion  refers  to  direct  experiments  which  seemed 
to  speak  against  the  assumption  of  an  attraction  which  varied 
with  the  direction.  I  quote  these  experiments  from  the  above 
memoir  of  December  1849,  in  which  they  have  been  more  lately 
inserted: — 

"  From  a  veiy  beautiful  crystal  of  sulphate  of  iron  I  cut  a 
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cube,  the  side  of  which  measured  1 1  millinis.  The  magnetic 
axis  of  the  eiystal,  that  is,  the  middle  line  between  the  two  optic 
axes  which  enclosed  an  anjrle  of  75°  with  the  plane  of  most  emi- 
nent cleavage,  was  perpendicular  to  oj)posite  sides  A  and  B  of  the 
cube.  The  other  surfaces  were  marked  with  the  letters  C,  D, 
E  and  F.  The  cube  could  be  tixed  in  a  cork  with  a  square 
opening,  the  cork  being  fastened  in  a  brass  ring  and  suspended 
from  one  arm  of  a  balance.  The  large  half-anchors  were  laid 
upon  the  large  electro-magnets;  and  to  obtain  the  strongest 
action,  their  rounded  edges  were  brought  within  a  few  milli- 
metres of  each  other.  Close  over  these  adjacent  edges  the  crystal 
of  sulphate  of  iron  was  equilibrated  and  then  the  magnetism 
excited.  The  weight  necessary  to  raise  the  cube  \vas  obtained 
by  shaking  sand  upon  the  opposite  scale-pan  until  the  attraction 
was  overcome,  and  weighing  the  sand  afterwards.  The  diflPerent 
surfaces  (with  the  exception  of  A)  were  in  this  manner  one  after 
the  other  separated  from  the  adjacent  hili'-anchors.  The  follow- 
ing table  contains  the  amount  of  attractive  force  exerted  in  each 
particular  case,  and  expressed  in  grammes  : — 

Surface  in  contact.  Attraction. 

B 5-37 

•78 


^ \4-80 

^ \5-43 

E 4-90 

p  r5-44 

' \5-46 

B 5-42 


"  The  last  experiment  is  a  repetition  of  the  fii'st,  by  which  it 
was  proved  that  the  action  of  the  circuit  was  constant.  The 
double  determinations  made  with  the  same  surfaces  resting  on  the 
magnet  show,  by  their  coincidence,  the  accuracy  of  the  method 
of  weighing.  The  deviations  consequent  on  changing  one  sur- 
face for  another  are  not  so  much  to  be  attributed  to  the  imper- 
fection of  the  cube,  as  to  the  fact  of  its  setting  itself  differently 
upon  the  anchors,  which  was  a  consequence  of  the  action  of  the 
magnetic  axis.  The  mean  attraction  parallel  to  the  latter  amounts, 
according  to  this,  to 

5"395  grms., 

and  the  mean  attraction  perpendicular  thereto,  to 

5-17  grms., 

which  shows  a  balance  of  nearly  ^-^  in  favour  of  the  axis. 

"  A  second  series  of  experiments  gave  an  exactly  similar  result. 
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In  both  the  stream  was  produced  by  four  cells  of  Grove's  con- 
struction. 

"  The  reflection  that  the  polarity  excited  while  the  cube  rested 
on  both  the  half-anchors  must  be  of  a  very  complicated  nature, 
induced  me,  notwithstanding  the  great  diminution  of  attraction, 
to  set  the  cube  upon  one  pole  only  at  that  point  where  the  force 
is  strongest.     The  attraction  here  amounted  to 

0-187  grm. ; 
it  mattered  not  on  which  side  the  cube  was  placed,  a  difference 
was  not  perceptible,  and  certainly  did  not  amount  to 

0-01  grm. 
"  If  a  diffei-euce  in  the  attraction  of  the  crystal  dependent  on 
the  direction  in  which  it  approaches  a  pole  of  the  magnet  exist 
— a  question  which  I  will  not  here  decide — it  is  at  all  events  so 
small  that  the  strong  action  exhibited  by  sulphate  of  iron  cannot 
be  referred  to  it." 

8.  I  shall  return  to  the  consideration  of  these  results,  which 
certainly  stood  in  the  way  of  the  development  of  my  theoretic 
views,  and  merely  draw  attention  to  the  fact,  that  we  derive  little 
assistance  from  the  assumption  of  an  attraction  or  repulsion  de- 
pendent upon  the  direction,  which  acts  at  a  distance  from  the 
poles,  but  disappears  in  their  immediate  vicinity. 

9.  Before  I  proceed  further,  I  must  caution  against  a  false 
interpretation  of  my  earlier  views  on  this  subject,  the  fault  of 
which,  however,  does  not  rest  wAxh.  me.  When  I  spoke  of  the 
attraction  or  repulsion  of  the  optic  axis,  I  had  as  little  notion  of 
ascribing  a  mechanical  action  to  an  ideal  direction,  or  of  assuming 
a  mechanical  action  which  was  exerted  on  such  an  ideal  direction, 
as  for  instance  M.  Biot,  when  he  says  a  ray  is  attracted  by  the 
axis  of  rock-crystal  and  repelled  by  the  axis  of  calcareous  spar. 
The  expression  I  have  used  is  rationally  capable  of  this  interpre- 
tation only,  that  the  mechanical  action  on  the  crystal  furnishes  a 
resultant  which  coincides  with  the  direction  of  the  optic  axis ; 
and  if  a  doubt  should  still  remain  on  this  subject,  a  glance  over 
the  last  quotation  from  the  programme  will  completely  disperse  it. 

10.  With  regard  to  the  connexion  between  the  common  mag- 
netic and  diamagnetic  forces  with  those  which  act  upon  the  axes 
of  the  crystals,  I  have  not  as  yet  uttered  an  opinion.  I  was 
unable  at  the  time  to  decide  the  mechanical  question  here  im- 
pending. When  I  used  the  expression,  the  action  on  the  optic 
axis  of  the  crystal  decreases  more  slowly  than  the  common  action 
on  the  mass,  I  meant  thereby  to  express  a  fact  merely.  The 
former  could  thus  be  only  a  modification  of  the  latter,  which 
exhibited  itself  at  greater  distances.  Quite  otherwise  was  it  with 
regard  to  the  coal  and  the  mixed  bodies,  which  exhibited  appa- 
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rently  the  same  deportmcut  as  the  tourniahne.  Tlie  mechanical 
question  in  this  case  was  soon  brouj;lit  to  a  decision ;  it  was  a 
contlict  between  two  opposite  forces,  between  the  diamagnetic 
repulsion  and  magnetic  attraction  of  the  mass,  the  one  or  the 
other  of  which  triumphed  according  to  the  distance. 

11.  The  explanation  of  the  magnetic  action  upon  the  axes 
concentrated  itself  for  me  more  and  more  upon  the  question 
expressed  in  (5): — "The  crystal  is  attracted,  but  its  centre 
of  gravity  recedes  :"  generally  understood,  this  is  in  open  con- 
tradiction with  the  laws  of  mechanics.  There  is  no  force,  what- 
ever form  it  may  assume,  whicli  can  afford  an  explanation  here. 
And  if,  notwithstanding  this,  our  experiments  seemed  to  exhibit 
the  above  action,  we  have  merehj  to  do  witti  a  mechanical  paradox. 
In  the  case  before  us,  a  full  explanation  is  furnished  by  the  fact 
that  the  crystal  was  not  com])lctely  free,  but  compelled  to  rotate 
round  a  fixed  vertical  axis.  A  bar  swinging  horizontally,  with 
a  magnetic  needle  laid  perpendicularly  across  its  middle,  sets 
itself  in  relation  to  the  poles  of  the  earth  exactly  as  a  prism  of 
tourmaline  between  the  poles  of  the  magnet.  The  following  out 
of  the  above  view,  including  its  experimental  proof,  ])articularly 
the  imitation  of  the  })ha?nomena  which  are  observed  in  crystals 
of  one  and  of  two  optic  axes,  will  be  found  in  the  appendix  to  the 
memoir  of  December  IS^O  above  alluded  to;  not  long  after,  a 
memoir  containing  further  mathematical  developments,  under  the 
title  of  Theorie  Mathcmatique  de  V Action  des  Aimants  sur  les 
Crystaux  nan  appartenant  au  Systeme  Tesseral,  was  sent  to 
M.  Crelle,  and  will  find  a  place  in  his  journal.  I  must  here 
limit  myself  to  this  citation  and  to  the  few  remarks  which  follow. 

12.  Under  the  inductive  action  of  a  magnetic  pole,  each  of  the 
idtimate  particles  of  the  crystal  will  be  either  polar  magnetic  or 
polar  diamagnetic.  The  polarity,  however,  as  in  the  case  of 
common  induction,  does  not  manifest  itself  in  a  variable  direction 
determined  merely  by  the  position  with  regard  to  the  poles,  but 
in  one  or  more  than  one  fixed  direction  according  to  the  form  of 
the  crystal.  Such  directions  as  are  thus  given  by  the  fonn,  1 
have  named  the  magnetic  axes  of  the  crystal.  An  ultimate  par- 
ticle which  assumes  polarity  in  a  certain  direction,  and  is  free 
to  rotate  round  a  fixed  axis,  either  recedes  from  the  pole  or  ap- 
proaches it  according  as  its  distance  from  the  pole  is  more  or 
less.  We  stand  here  on  a  mathematical  foundation ;  and  all 
phfeuomena  heretofore  observed  can  be  completely  explained  by 
calculation. 

13.  An  immediate  consequence  of  the  action  here  supposed 
is,  that  in  the  same  crystallization,  by  which  are  meant  the  same 
cohesion  and  a  similar  position  of  the  optic  axes,  the  magnetic 
axes  also  correspond.    AVhen  the  substance  of  the  crystal  at  one 
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time  is  homogeneous  and  essentially  (not  by  accidental  mixture) 
magnetic,  at  another  time  homogeneous  and  diamagnetic,  the 
attraction  of  the  axis  must  be  changed  into  repulsion,  and  vice 
versa. 

14.  As  both  ends  of  a  thin  iron  bar  become  jjoles,  we  are 
hereby  furnished  with  a  simple  means  of  representing  the  de- 
portment of  the  crystals  in  the  magnetic  field.  A  prism  of 
tovu-maline  will  be  imitated  in  this  way  by  an  indifferent  bar  of 
brass  at  right  angles,  to  which  a  number  of  little  magnetic  bars 
are  fixed.  A  prism  of  staurolite  will  be  completely  imitated 
by  fixing  the  little  magnetic  bars  so  that  they  shall  be  equally 
inclined  to  the  axis  of  the  brass  bar ;  the  directions  of  the  former 
indicate  the  two  magnetic  axes  of  the  crystal. 

15.  The  mathematical  theoiy  assumes  a  different  attraction  of 
the  mass  of  the  crystal  in  different  directions ;  and  hence  the 
experiments  communicated  in  (7),  which  show  no  perceptible 
difference  in  this  respect,  present  at  first  sight  a  difficulty.  But 
it  is  easy  to  see  that  in  the  neighbourhood  of  the  poles  the  rela- 
tive difference  may  be  weaker  or  may  even  disappear,  while  at 
greater  distances  it  may  decidedly  exhibit  itself.  Holding  fast 
by  the  way  of  representing  the  matter  given  in  the  last  paragraph, 
if  we  suppose  the  little  magnetic  bars  shortened  until  their  dimen- 
sion in  the  direction  of  the  axis  exceeds  but  little  the  dimension 
perpendicular  thereto,  in  the  crystal  thus  imitated  the  magnetic 
induction  will  be  in  the  direction  of  the  axes,  but  near  the  poles 
the  common  magnetic  induction  will  take  place. 

16.  Messrs.  Tyndall  and  Knoblauch,  in  the  memoirs  referred 
to,  of  later  date,  have  arrived  at  results  veiy  nearly  similar  to 
those  mentioned  in  (12)  and  (13) .  Their  reasoning  would  naturally 
have  been  different  had  my  memoir  of  December  1849  been 
known  to  them.  In  consequence  of  my  new  way  of  viewing  the 
subject,  many  of  my  old  o])inions  must  be  modified.  This  point, 
however,  will  be  more  suitably  treated  after  the  coumiunication 
of  the  experimental  investigations  which  myself  and  Dr.  Beer 
have  made  together. 

^Vhile  in  many  respects  the  views  of  the  above-named  phy- 
sicists agree  with  mine,  their  fundamental  view  is  different.  The 
theory  of  Faraday,  who  first  observed  the  attraction  of  the  mag- 
netic axes,  and  defined  these  axes  (magnecrystallic  axes)  as  stand- 
ing perpendicular  to  the  surfaces  of  cleavage  (in  bismuth,  anti- 
mony, arsenic,  sulphate  of  iron,  and  sulphate  of  nickel),  has  been 
also  adopted  by  them  ;  being  merely  thereby  modified,  that  they 
introduce  the  opposite  deportment  of  magnetic  and  diamagnetic 
crystals  as  a  new  portion  of  the  subject.  To  decide  how  far  the 
phcenomena  coincide  with  this  view,  belongs  to  the  discussion  of 
the  experiments.     From  the  first,  however,  it  would  appear  that 
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the  peculiarity  of  crystallization  docs  not  rest  alone  in  the  clea- 
vagesj  but  in  the  entire  relations  of  cohesion  ;  for  were  the  former 
admitted,  we  must  expect  cleavages  where  they  do  not  appear. 
And  these  are  the  causes  which,  acting  together,  determine  the 
position  and  relative  magnitude  of  the  three  axes  of  elasticity  of 
Fresnel,  which  produce  the  modification  suffered  by  the  light  in 
its  passage,  and  also,  I  am  convinced,  the  modification  of  mag- 
netic induction. 

17.  Here,  however,  we  are  met  by  the  important  question, 
whether  every  ultimate  particle  as  mass  is  magnetic,  as  stated  by 
the  abo\'e-named  physicists,  or  whether  the  same  sether  whose 
oscillations  produce  light  can  produce  magnetism  and  electricity 
when  otherwise  excited.  By  the  latter  assumption  the  all-pene- 
trating rether  would  transmit  the  action  of  both  in  the  same 
manner  as  it  transmits  light.  This  second  notion  was  the  spur 
by  which  I  was  particularly  driven  to  try  my  strength  in  this 
field. 

18.  The  beautiful  experiments  of  M.  Wiedemann,  which  have 
been  coi-roborated  by  the  later  experiments  of  Senarmont,  prove, 
as  regards  the  spreading  over  the  surface,  that  the  electric  con- 
duction is  different  in  different  directions,  and  seem  to  establish 
a  relation  between  it  and  the  axes  of  elasticity.  The  conductive 
power  may  in  this  way  be  determined;  likewise  the  mean  con- 
ductive power  in  a  circular  stream,  which,  as  it  would  be  inde- 
pendent of  its  dimension,  might  be  immediately  applied  to  the 
molecular  currents  of  Ampere,  that  is  to  say,  to  magnetism.  In 
this  way  the  position  of  the  magnetic  axes,  as  well  as  of  the  optic 
axes,  might  be  mathematically  determined. 

19. 1  am  not,  however,  ignorant  of  the  uncertainty  which  attends 
the  carrying  out  of  such  theories,  for  which  the  necessary  expe- 
rimental data  are  wanting.  In  the  memoir  appearing  in  Crelle's 
journal,  I  have  therefore  confined  myself  to  crystals  with  a  single 
magnetic  axis,  and  for  the  present  added  only  one  independent 
paper,  which  is  to  serve  as  foundation  for  further  mathematical 
development.  On  the  other  hand,  in  connexion  with  Dr.  Beer,  I 
have  turned  my  attention  to  experimental  investigations,  the 
principal  object  of  which  is  to  determine  the  nature  of  the  mag- 
netic axes,  and  their  position  as  regards  the  crystalline  form. 
The  first  series  of  experiments  which  here  follows  embraces 
ciystals  belonging  to  all  systems.  AVc  have  placed  together  the 
results  which  for  the  present  we  regard  as  closed.  The  latest 
memoir  of  Messrs.  Tyndall  and  Knoblauch,  in  the  Philosophical 
Magazine,  reached  us  too  late  to  permit  of  its  being  noticed  in 
the  present  paper. — Plucker. 


The  authors   then   proceed  to  examine   ciystals  of  various 
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systems,  and  commence  with  those  which  have  as  fundamental 
form  the  rhombohedron  or  regular  hexa.^onal  prism,  the  first  in 
the  series  being  tourmaline.  The  examples  experimented  with 
were  magnetic ;  the  crystal  is  negative,  and  its  optical  axis  was 
repelled.  Calcareous  spar  conies  next ;  and  as  the  experiments 
with  this  crystal  bear  upon  the  points  of  difference  discussed  by 
M.  Pliicker  in  his  introduction,  we  give  them  entire. 

"  Iceland  spar  exhibits  the  action  of  the  magnetic  axis  in  a  very 
decided  manner.  A  fragment  of  any  form,  the  dimensions  of 
which  are  not  too  great  in  comparison  with  the  distance  of  the 
pointed  poles  from  each  other,  sets  itself  always  so  that  its  optic 
axis  falls  in  the  equatoreal  plane.  A  plate  cut  perpendicular  to 
the  axis,  the  diameter  of  which  is  three  or  four  times  greater 
than  its  thickness,  when  hung  between  the  polar  points  so  as  to 
be  able  barely  to  swing  between  them,  sets  itseK  like  a  diamag- 
netic  body ;  by  raising  the  plate  a  little,  or  by  increasing  the 
distance  which  separates  the  poles,  the  plate  turns  as  if  its  optic 
axis  were  repelled.  This  result  is  always  the  same  if  the  spar 
be  chemically  pure ;  with  impure  crystals  other  circumstances 
come  into  play. 

"  During  the  former  experiments  a  crystal  was  found  which  was 
magnetic,  but  whose  axis,  notwithstanding,  was  repelled  in  the 
same  manner  as  the  transparent  spar.  And  this  fact  was  one  of 
those  which  led  to  the  opinion,  that  the  magnetic  action  which 
caused  the  optic  axis  to  recede  was  independent  of  the  magnetism 
or  diamagnetism  of  the  mass  of  the  crystal. 

"  Messrs.  Tyndall  and  Knoblauch  assert,  on  the  contrary,  that 
the  magnetic  spar  sets  itself  between  the  poles  as  if  its  optic  axis 
were  attracted;  and  base  upon  this  their  fundamental  notion, 
that  the  deportment  of  the  cryst&l  between  the  poles  when  the 
mass  is  magnetic  is  the  reverse  of  that  exliibited  when  the  crystal 
is  diamagnetic.  The  same  idea  had  been  already  expressed  in 
the  mechanical  theory  of  crystalline  deportment  mentioned  in 
the  introduction.  For  the  explanation  of  the  matter,  we  obtained, 
through  the  kindness  of  Dr.  Krantz,  crystals  of  the  spar  of 
various  forms  and  from  different  localities. 

"  The  very  first  crystal  which  we  examined  was  an  opake  homo- 
geneous mass  readily  cleavable,  and  obtained  from  New  York; 
it  was  diamagnetic,  and  behaved  itself  correspondingly  between 
the  poles.  A  little  raised,  however,  it  turned  and  set  its  axis  in 
the  plane  of  the  meridian.  A  plate  cut  perpendicular  to  the 
axis  corroborated  this  attraction  of  the  axis. 

"  The  same  deportment  was  exhibited  by  a  semitransparent 
specimen  taken  from  a  solid  mass  obtained  at  Prague. 

"One  of  the  remaining  crystals,  a  regular  hexagonal  prism  from 
Andi-easberg,  exhibited  the  deportment  above  alluded  to  as  beiog 
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observed  durinp;  the  earlier  experiments.  It  was  magnetic,  and 
its  oi)tic  axis  was  repelled.  The  crystal  was  broken  off  at  one 
end,  and  the  other  was  bounded  by  the  base  of  the  hexagonal 
prism.  It  was  of  a  white  colour,  but  with  a  transparent  layer 
in  the  middle,  which,  however,  was  so  thin,  that  even  if  we 
regard  it  as  dianiagnetic,  it  would  not  be  sufficient  to  bring 
about  the  ])osition  of  the  crystal. 

"  The  deportment  observed  by  Messrs.  Tyndall  and  Knoblauch 
was  exhibited  by  a  solid  milk-white  crystal.  It  was  magnetic, 
and  its  axis  was  attracted.  Three  other  ciystals  were  afterwards 
found  which  acted  in  a  similar  manner.  The  first  was  from 
Prczbram,  the  second  from  Zillerfeld.  The  third  was  a  trans- 
parent hexagonal  prism,  which,  contrary  to  all  expectation,  proved 
to  be  decidedly  magnetic.  This  prism,  14  milliins.  long,  7  mil- 
lims.  and  4  millims.  in  diameter,  set  itself  when  raised  150  niil- 
lims.  always  axial.  A  plate  5  millims.  thick,  cut  perpendicular  to 
the  axis,  when  hung  so  that  the  said  axis  could  swing  horizon- 
tally, set  itself  with  the  latter  axial.  A  tolerably  transparent 
crystal  from  Brilon  behaved  in  a  similar  manner.  It  showed  a 
good  ring-system,  and  proved,  like  all  transparent  crystals  of 
the  spar,  in  optical  respects  negative. 

"  If  we  sum  up  the  foregoing,  we  find  that  there  are  both  dia- 
niagnetic and  magnetic  specimens  of  this  crystal  which  have  their 
axes  repelled  by  the  poles  of  a  magnet ;  and,  on  the  other  hand, 
magnetic  and  diamagnetic  specimens  which  have  their  optic  axes 
attracted ;  and  hence  we  may  presume  that  there  are  crystals 
which  exhibit  no  action  whatever  in  this  respect.  The  different 
deportment  of  calcareous  spar  has  been  justly  brought  to  bear, 
by  Messrs.  Tyndall  and  Knoblauch,  against  the  notion  that  the 
attraction  and  repulsion  of  the  axis  is  due  to  the  optical  nature 
of  the  crystal  alone.  It  can,  however,  with  equal  justice  be  ad- 
duced against  the  conclusion,  that  the  position  of  the  optic  axis 
is  determined  by  the  magnetism  or  diamagnetism  of  the  mass. 

"To  explain  this  diversity  of  action  in  calcareous  spar,  the  ques- 
tion must  first  be  answered,  whether  in  all  cases  where  the  dia- 
magnetic spar  is  rendered  impure  by  a  mixture  of  iron,  the  latter 
exists  under  the  form  of  isomorphous  carbonate  of  iron,  or  is 
merely  deposited  in  layers  along  the  cleavages.  Above  all,  how- 
ever, must  be  taken  into  account  the  difference  of  the  laws  of 
magnetic  attraction  and  diamagnetic  repulsion,  or  in  other  words, 
the  different  coercive  force  of  magnetic  and  diamagnetic  sub- 
stances. If  we  limit  ourselves  to  chemically  pure  calcareous 
spar,  we  obtain  the  undeniable  result,  that  the  crystal  is  negative 
and  that  its  optic  axis  is  repelled.^' 

The  next  crystals  examined  are  nitrate  of  soda,  which  is  nega- 
tive, diamagnetic,  and  has  its  axis  repelled ;  carbonate  of  lime 
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and  magnesia^  the  axis  of  which  is  attracted^  as  in  the  case  of  the 
impure  spar  examined  iii'st  by  Messrs.  Tyndall  and  Knoblauch ; 
oxide  of  iron,  strongly  magnetic,  axis  attracted ;  beryl,  magnetic, 
negative,  axis  repelled ;  arseniuret  of  lead,  axis  repelled ;  diop- 
tase,  negative,  axis  repelled;  bismuth,  optic  axis  strongly 
attracted;  antimony,  the  optic  axis  stands  as  in  bismuth,  per- 
pendicular to  the  plane  of  most  eminent  cleavage,  and  was  for- 
merly fomid  to  be  repelled :  the  authors  now  suppose  that  the 
repulsion  was  due  to  a  slight  admixture  of  iron ;  arsenic,  optic 
axis  attracted;  the  specimens  foi'merly  experimented  with  con- 
tained iron ;  ice,  optic  axis  attracted,  crystal  positive ;  quartz, 
with  a  battery  often  of  Grove's  cells,  showed  no  action ;  the  action 
formerly  observed  was  due  to  the  contact  of  an  iron  hammer. 

The  second  class  of  crystals  examined  are  those  whose  funda- 
mental form  is  the  rectangular  prism. 

Sulphate  of  nickel  was  found  to  be  negative,  optic  axis  re- 
pelled; molybdate  of  lead,  vesuvian  and  arseniate  of  potash 
also  negative,  optic  axes  repelled;  zircon,  positive,  optic  axis 
attracted;  yellow  ferrocyanide  of  potassium  shows  no  action; 
acetate  of  copper  and  lime  positive,  optic  axis  attracted ;  uranite, 
negative,  optic  axis  attracted,  perhaps  analogous  to  the  case  of 
antimony ;  one  specimen  of  scapolite  had  its  optic  axis  attracted, 
a  second  specimen  showed  no  action ;  the  ciystal  according  to 
Brewster  is  negative. 

Crj'^stals  possessing  two  optic  axes  were  next  examined,  com- 
mencing with  those  whose  fundamental  form  is  a  right  rhombic 
prism.  The  deportment  of  these  ciystals  cannot  be  refeiTed  to 
a  single  magnetic  axis,  as  in  the  cases  above  described.  If  a 
crystal  vnih.  one  axis  be  suspended  with  the  said  axis  vertical, 
all  directive  action  disappears  :  not  so  in  the  case  of  ciystals  Avith 
two  axes ;  the  plane  of  these  axes  sets  itself  always  either  axial  or 
equatoreal.  The  crystals  were  examined  in  the  follo^vang  order : 
citric  acid,  negative,  the  magnetic  axes,  which  coincide  with 
the  optic  axes,  are  repelled ;  arragonite,  a  negative  crystal,  shows 
the  same  deportment ;  tartrate  of  potash  and  soda  is  positive, 
and  its  magnetic  axes  are  attracted ;  anhydi"ite  is  in  optical  re- 
spects positive,  in  magnetical  negative ;  in  the  case  of  topaz,  -with 
a  batteiy  of  ten  cells,  the  authors  were  imable  to  detect  any 
action,  the  former  results  were  due  to  a  mixture  of  iron ;  protosul- 
phate  of  iron  has  one  magnetic  axis,  which  coincides  with  the  axis 
of  maximum  elasticity,  and  is  attracted ;  succinic  acid  has  a  single 
magnetic  axis,  which  is  repelled;  ferridcyanide  of  potassium 
and  diopside  are  both  in  optical  respects  positive,  in  magnetical 
negative ;  the  plane  of  the  axis  sets  equatoreal. 
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LXIII.   On  certain  Questions  relating  to  the  Theory  of  Probabili- 
ties.—Vart  II.    By  W.  F.  DoNKiN,  M.A.,  F.R.S.,  F.R.A.S., 

Savilian  Professor  of  Astronomy  in  the  University  of  Oxford. 

1.  TN  a  former  paper  I  gave  a  brief  sketch  of  the  general 
A  principles  of  the  theory  of  probabilities  considered  under 
the  aspect  which  seemed  most  advantageous  with  reference  to 
its  practical  applications.  I  also  discussed  some  problems  with  a 
view  to  exhibit  the  accordance  between  the  results  of  the  theoiy 
and  the  conclusions  of  common  sense.  In  continuing  the  sub- 
ject, I  ^^^ll  begin  by  noticing  the  important  distinction,  to  which 
Professor  Forbes  has  drawn  attention,  between  what  may  be 
called  improbability  and  incredibility ;  that  is,  between  the  diffi- 
culty of  believing  beforehand  that  an  assigned  event  will  happen, 
and  the  difficulty  of  believing  afterwards  that  a  recorded  event 
has  happened.  The  distinction  is  perfectly  well  known,  and  re- 
cognized in  the  mathematical  theory ;  but  there  are  some  points 
connected  with  it  which  it  is  worth  while  to  examine  a  little  in 
detail.  Professor  Forbes^s  experiment  with  the  grains  of  rice 
will  furnish  an  illustration*. 

2.  Let  us  suppose  that  /*  grains  are  thrown  into  a  box  divided 
into  m  equal  compartments.  Also  let  «  be  a  multiple  of  m  (sup- 
pose n  =  rm),  so  that  an  equal  distribution  amongst  the  compart- 
ments is  possible.  Let  a,b,  c, . . .  a.,  /3,  y,  . . .  be  whole  numbers 
such  that  a  +  b  +  c+  ...  ^w,  and 

aoi  +  b^  +  cy+  ...  =n. 

^Miat  is  the  antecedent  probability  that  there  will  be  a  compart- 
ments containing  a.  grains  each,  b  compartments  containing  ff 
grains  each,  &c.  ?  The  antecedent  probability  of  any  given  dis- 
tribution in  which  each  individual  grain  should  be  assigned  to 
a  determinate  compartment,  is  w".  The  number  of  ways  in 
which  the  n  grains  can  be  divided  into  a-{-b  +  C'\-  ...  parcels, 
whereof  a  parcels  shall  contain  «  grains  each,  b  parcels  shall 
contain  /S  grains  each,  &c.  is 

1 .  2  .  3  .  . .  M . 

(1. 2. 3. ..«)". (1.2. 3... /8)*....  1.2. 3... fl.  1.2. 3. ..i...'    ^    ' 

and  the  number  of  ways  in  which  the  parcels  can  be  arranged  in 

the  m  compartments  is  7n{m  —  \){m  —  2)...{m  —  s  +  l),  where 

s-=a  +  b  +  c-{-  . .  .     Hence  the  probability  required  is  found  by 

,  .  ,   .       7n(m—'i)...(m—s+\)  ,      ^i  •       /  *  \       t^ 

multiplying — ^ — ^ by  the  expression  (A.).     It 

*  I  write  without  the  oppoitunity  of  consulting  Professor  Forbes's  paper 
in  the  Philosophical  Magazine ;  my  references  to  it  will  therefore  be  from 
memory. 
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represents  the  quantitj'  of  our  belief  beforehand  that  the  gi'ains 
will  be  distributed  in  the  proposed  way.  As  a  numerical  ex- 
ample, suppose  six  grains  thrown  into  a  box  di\-ided  into  three 
compartments ;  the  seven  possible  modes  of  distribution  are 
6,0,0;  1,5,0;  2,4,0;  3,3,0;  1,1,4;  1,2,3;  2,2,2;  and 
theii-  respective  probabilities  are  fractious  whose  common  deno- 
minator is  243,  and  numerators  1,  12,  30,  20,  30, 120,  30.  In 
the  general  case,  the  probability  of  equal  distribution,  or  of  each 

.'      .       l.2.S...n 
compartment  contammg  /•  grams,  is  ^n  n.2.3...r)'»' 

3.  Now  it  would  of  course  be  a  gross  fallacy  in  principle, 
though  it  may  often  happen  to  produce  small  numerical  errors, 
to  confound  these  a  priori  probabilities  with  the  a  posteriori  pro- 
babilities which  are  the  subjects  of  investigation  in  cases  where 
a  particular  distribution  is  known  to  exist,  or  is  asserted  to  have 
happened.  And  nothing  can  be  objected  to  Professor  Forbes's 
remarks  on  this  head,  except  that  he  appears  to  think  that 
mathematicians  are  in  the  habit  of  committing  the  fallacy  in 
question,  and  even  to  doubt  the  possibility  of  treating  such  pro- 
blems mathematically  at  all.  On  this  part  of  the  subject  so 
much  was  said  in  the  former  paper  that  little  need  be  here  added. 
There  are  two  questions,  however,  which  deserve  further  discus- 
sion, especially  as  one  of  them  involves  an  apparent  dijfficulty. 

4.  The  first  question  is,  what  is  the  account  of  oui-  surprise 
when  we  know,  or  believe,  that  a  spnmetrical  event  (such  as  the 
equal  distribution  of  the  gi-ains  of  rice)  has  happened  accidentally  ? 
It  is  certainly  not  accounted  for  by  a  comparison  of  the  a  priori 
probabilities  of  the  possible  symmetrical  and  unsymmetrical 
events ;  because,  although  in  the  case  supposed  an  equal  distri- 
bution is  really  less  probable  a  priori  than  many  other  possible 
distributions,  it  is  easy  to  conceive  other  cases  in  which  all  the 
a  priori  probabilities  are  equal,  but  in  which  oiu-  sm-prise  at  a 
symmetrical  event  would  be  quite  as  great.  For  instance,  suppose 
100  counters  marked  1,  2,  3,  &c.  thro\\-n  into'  a  box  containing 
100  compartments  similarly  numbered.  The  probability  that 
each  counter  will  fall  into  the  compartment  marked  with  the 
corresponding  number,  is  beforehand  exactly  the  same  as  the 
probability  of  any  other  determinate  event.  Yet  if  we  had  reason 
to  believe  that  such  a  distribution,  or  any  other  following  a 
simple  laiv,  had  really  happened,  we  should  be  veiy  much  sur- 
prised ;  whereas  any  in-egular  distribution  would  excite  no  sur- 
prise at  all. 

5.  The  most  obvious  answer  to  this  question  at  first  sight 
would  be,  that  wc  mentally  divide  all  the  possible  events  into 
two  parcels ;  one  containing  all  the  regular  or  symmetrical  events, 
and  the  other  all  the  irregular  events ;  and  that  the  former  parcel 

2  12 
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being  much  smaller  than  the  latter,  it  is  a  priori  much  more 
likely  that  some  irregular  event  will  happen  than  some  regular 
one.  But  it  is  immediately  seen  that  this  explanation  is  unsatis- 
factoiy,  because  the  division  into  parcels  is  pei-fcctly  arbitrary. 
We  might  just  as  well  divide  the  events  into  a  small  and  a  large 
parcel  on  any  other  principle,  and  then  be  surprised  at  the  oc- 
currence of  an  event  belonging  to  the  smaller  ]iarcel.  In  fact, 
if  this  account  of  the  matter  were  admitted,  it  would  merely 
prove  that  the  surprise  felt  on  such  occasions  results  from  a  fal- 
lacy, and  that  a  well-instructed  person  ought  not  to  be  surprised 
at  all ;  a  conclusion  repugnant  to  experience  and  common  sense. 
Nor  is  the  difficulty  removed  by  the  supposition,  that  in  the  case 
of  a  regular  event  we  involuntarily  consider  it  as  having  been 
predicted,  or  at  least  singled  out  and  contemplated  beforehand. 
For  the  probability  of  an  event  is  in  no  way  altered  by  the  fact 
of  its  having  been  predicted ;  so  that  if  it  happen  after  being 
predicted,  there  is  no  more  reason  for  surprise,  so  far  as  a  priori 
probabilities  only  are  concerned,  than  there  would  have  been 
without  the  prediction. 

6.  I  conceive  that  the  true  answer  to  this  question  is,  that  in 
such  cases  we  compare,  not  the  a  priori  probabilities  of  different 
events  considered  as  accidental,  but  the  a  priori  probabilities 
of  the  same  event  considered  on  the  one  hand  as  resulting 
from  accident,  and  on  the  other  from  design,  or  some  other 
simple  cause.  A  s]>anmetrical  pha^nomenon  suggests  a  simple 
cause,  because  such  causes  commonly  produce  such  phfenomena  ; 
an  irregular  phaniomenon  suggests  a  complex  combination  of 
causes,  for  a  similar  reason.  When  we  see  a  symmetrical  phae- 
nomenon,  without  knowing  how  it  was  produced,  we  therefore 
immediately  refer  it  to  some  simple  cause,  with  a  conviction  of 
which  the  intensity  depends  upon  a  comparison  between  the 
facilities  with  which  the  phrenomenon  might  have  been  ]n'oduced 
by  such  a  cause  or  by  other  supposable  com])lex  causes.  [It  was 
shown  in  the  foniTer  paper  that  there  is  no  difficulty  of  principle 
in  estimating  the  force  of  such  conclusions  mathematically.]  If, 
then,  we  see  a  symmetrical  plipenomenon,  and  know,  or  have 
reason  to  believe,  that  it  was  really  produced  by  accident,  we  are 
surprised,  because  we  see  an  effect  resulting  from  the  less  likely 
of  two  causes  capable  of  producing  it.  From  this  follows  of  course, 
what  is  obviously  true  in  fact,  that  our  sur])rise  depends  entirely 
upon  our  knowledge  of  the  causes  which  might  have  been  siip- 
posed  to  produce  the  phsenomenon,  and  of  the  relative  facilities 
with  which  they  might  have  produced  it.  If  a  person  who  can 
read  were  to  draw  letters  out  of  a  bag  and  produce  his  own 
name,  he  would  be  \eiy  much  surprised ;  whereas,  if  he  could 
not  read,  he  would  not  be  surprised  at  all.     The  « jor/on  pro- 
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bability  of  the  phsenomenon  would  be  the  same  in  both  cases. 
But  in  one  case  he  woukl  know  that  other  causes  might  have 
produced  it  much  more  easily  than  accident ;  in  the  other,  he 
would  not  know  this.  It  is  to  be  obsened,  however,  that  in 
fact,  however  strong  the  a  priori  evidence  might  be  of  the 
absence  of  any  cause  but  accident,  it  would  be  outweighed  by  the 
evidence  afforded  by  a  certain  degree  of  sj-mmetry,  of  the  inter- 
ference of  some  regulating  cause.  So  that  the  surpiise  could 
never  go  beyond  a  certain  point,  at  which  it  would  be  superseded 
by  a  conviction  that  the  phpenomenou  was  not  accidental. 

7.  I  have  thought  it  worth  while  to  say  so  much  upon  this 
question,  because  it  seems  to  involve  something  more  like  a  real 
difficidty  than  any  other  connected  with  the  subject.  The  above 
explanation  appears  to  me  to  be  perfectly  satisfactory,  and  to  be 
equally  in  accordance  with  the  mathematical  theory  and  with 
common  sense.  I  am  far  from  supposing  that  there  is  anything 
original  in  it,  though  I  am  not  able  to  refer  to  any  place  where 
the  difficulty  is  explicitly  mentioned  and  discussed. 

The  second  question  alluded  to  above  is  little  more  than  the 
converse  of  that  which  has  just  been  examined.  AVhy  do  we  so 
easily  beUeve  recorded  events,  which  beforehand  would  have  an 
enormous  «  priori  improbability  ?  such,  for  instance,  as  any  par- 
ticular unsymmetricaJ  distribution  of  the  counters.  So  far  as 
general  explanation  goes,  what  has  been  said  above  will  suggest 
a  sufficient  answer.  But  it  will  hardly  be  superfluous  to  notice 
the  mathematical  solution. 

8.  Let />  be  the  «/»r?o/7' probability  of  an  event  which  a  witness 
has  asserted  to  have  happened.  And  let  the  a  priori  probabilities 
that  he  would  choose  to  assert  it  be  v  on  the  supposition  of  its 
being  true,  and  ic  on  the  supposition  of  its  being  false.  Then 
after  his  assertion,  the  probability  that  it  really  happened  is 

pv 
pv-\-{\—p)w' 

and  we  see  that,  however  small  p  may  be,  the  value  of  this  frac- 
tion may  approach  indefinitely  to  unity,  provided  that  w  be  much 
less  than  r  ;  that  is,  in  conmion  language,  provided  that  the  fact 
of  the  assertion  having  been  made  may  be  much  more  easily  ac- 
counted for  by  the  h)-]30thesis  of  its  truth  than  of  its  falsehood. 
Thus  also  we  see  how  a  priori  improbability  may  even  increase 
a  posteriori  probability,  and  vice  versa,  in  cases  where  the  witness, 
supposing  him  to  lie,  would  be  more  likely  to  choose  a  probable 
than  an  improbable  lie ;  the  smallness  of  p  being  more  than 
compensated  by  the  smallness  of  «•,  and  the  converse. 

It  would  be  irrelevant,  however  interesting,  to  consider  this 
subject  further,  because  enough  has  been  said  to  illustrate  the 
real  meaning  and  use  of  these  a  priori  probabilities,  and  the  way 
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in  which  they  enter  into  the  solution  of  a  posteriori  problems  ; 
an  illustration  which  I  should  have  thought  unnecessary,  if  it 
had  not  appeared  that  misconception  on  the  subject  is  probably 
not  uncommon. 

9.  It  was  observed  above  (art.  3),  that  the  fallacy  of  confound- 
ing a  priori  with  a  posteriori  ])robabilities  may  ha])pen  in  par- 
ticular cases  to  produce  very  tritling  numerical  eiTors.  For 
example,  let  p  be  the  it  priori  probability  of  an  observed  phseno- 
menon,  on  the  supposition  of  the  existence  of  a  cause  A ;  and 
let  it  be  supposed  that  if  another  cause  B  existed,  which  could 
not  coexist  with  A,  the  pha'nomenon  would  certainly  result. 
Also  suppose  the  o  priori  probabilities  of  the  existence  of  these 

two  causes  to  be  each  =  ^.     Then  the  a  posteriori  probability  of 

the  existence  of  A  is  Y"^ — ,  which  is  sensibly  equal  to  p,  if  p  be 

very  small.  Possibly  some  consideration  of  this  sort,  together 
with  the  great  complexity  of  the  rigorous  application  of  the 
theoiy  to  the  question  of  the  grouping  of  stars,  may  have  led 
Sir  J.  Herschel  to  mention  the  subject  in  a  way  which  seems  to 
countenance  the  fallacy  alluded  to.  (Outlines  of  Astronomy, 
p.  565.) 

10.  I  shall  now  proceed  briefly  to  consider  this  problem,  and 
shall  endeavour  to  show  how  a  numerical  estimate  of  the  true 
a  posteriori  probabilities,  which  ought  to  be  substituted  for  Mit- 
chells results,  could  be  obtained  siipposing  all  mere  difficulties 
of  calculation  overcome.  In  order  to  make  the  problem  at  all 
practicable,  it  is  neeessaiy  to  simplify  it  as  much  as  is  consistent 
^'ith  retaining  a  tolerable  similarity  to  the  facts  of  nature. 

Let  us  suppose  that  there  are  Ji  visible  stars  of  a  certain  class, 
such  that  if  any  two  of  them  were  within  certain  limits  of  an- 
gular distance,  no  conclusion  could  be  di'awn  from  their  apparent 
brightness  as  to  whether  they  formed  a  true  binaiy  system,  or 
were  merely  optically  double.  And  let  us  further  suppose  that 
there  are  actually  in  pairs  of  stars  within  these  limits  of  angular 
distance,  the  remaining  n  —  2m  stars  being  all  distinctly  single. 
The  principal  question  will  be,  what  is  the  probability,  arising 
from  these  phsenomena,  that  fi  out  of  the  m  pau-s  of  stars  are 
real  binary  systems  ?  fj,  being  any  assigned  number. 

11.  Let  the  word  system  stand  indiff"erently  for  single  star  or 
binary  system,  and  let  p  be  the  a  priori  probability  that  a  pro- 
posed system  would  be  binary.  Wc  will  suppose  all  systems  but 
single  and  binary  excluded,  so  that  1  —p  will  then  be  the  a  priori 
probability  that  a  proposed  system  would  be  single.  The  mean- 
ing of  y>  may  be  explained  as  follows.  Suppose  a  person  to  be 
perfectly  acquainted  with  the  mode  in  which  stars  are  produced ; 
he  would  be  able,  setting  aside  difficulties  of  calculation,  to  assign 
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the  probability  that  a  system  about  to  be  produced  would  turn 
out  to  be  binaiy,  and  this  would  be  the  value  of  p.  Just  as  a 
perfect  physiologist  and  mathematician  would  be  able  to  assign 
the  probability  that  an  expected  birth  would  be  of  a  given  sex. 
The  same  value  would  be  obtained  for  p  by  taking  the  actual 
ratio  of  the  number  of  binaiy  systems  to  the  whole  number  of 
systems,  supposing  an  infinite  number  of  instances  could  be 
kno\ATi.  Now  if  we  are  to  put  aside  all  prepossessions  and  all 
information  dra^^^l  from  other  sources  as  to  the  mode  of  produc- 
tion of  stars,  the  value  of  p  is,  before  observation  of  the  phae- 
nomena,  wholly  unknown,  and  may  be  anything  from  0  to  1 ; 
so  that  within  these  limits  dp  is  the  probability  (before  observa- 
tion) that  the  time  value  of  p  is  between  ji?  and  p  + dp. 

12.  Let  Pf*  be  the  a  priori  probability  that  in  a  number  of 
systems  comprising  altogether  7i  stars,  there  would  be  i  binary 
systems.  This  will  be  a  function  of  n,  i  and  p,  and  is  calculable 
\\nthout  difficulty,  as  we  shall  see  afterwards,  supposing  p  to  be 
knowTi. 

Let  Q^  be  the  a  priori  probability  that  out  of  s  single  stars, 
whose  configurations  were  accidental,  there  would  be  r  pairs 
optically  dovJble.  The  calculation  of  Q^  is  a  problem  invol\-ing 
only  analytical  difficulties. 

Then  supposing  a  determinate  value  i^x  p,  the  rtj??7'on  proba- 
bility of  the  observed  phsenomenon,  on  the  supposition  that  /x 
out  of  the  m  double  stars  are  binary,  is  P"Q"~^^.     Let 

the  summation  being  made  with  respect  to  /i,  from  /i  =  0  to  \i—m. 
Then  putting  f  ^dp-^xs,  the  a  posteriori  probability  that  the 

^dp 


value  of  ^  is  between  j9  and  p-^  dp  is 

a  posteriori  probabilit 
t  fjb  out  of  the  m  doub' 

^dp         ^^Mm-fj,    _  ^P-^m-a 


Hence  the  a  posteriori  probability  that  p  lies  between  these 
limits,  and  that  /i  out  of  the  m  double  stars  are  binarj'^,  is 

dp. 


-ST  <J>  IS 

and  therefore  the  whole  a  posteriori  probability  that  /a  are  binary  is 

iX'p;QrJ;* (..> 

*  I  have  thought  it  imuecessary  to  indicate  by  any  peculiarity  of  nota- 
tion, that  the  upper  indices  in  this  and  the  following  expressions  are  not 
exponents  of  powers. 
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The  integral 


X 


(in  which  Q^'^^'^j  not  containing  y;,  may  be  put  outside  the  sign 

of  integration)  is  a  function  of  fx  and  given  quantities,  suppose 
<^{fi),  and  «7  is  the  sum  of  the  values  of  ^(/i)  from  yu, =0  to  /x  =  m ; 
so  that  the  above  expression  may  be  written  in  the  form 

If  we  were  able  to  calculate  the  value  of  this  for  any  proposed 
value  of  iJL,  we  could  solve  any  of  the  obvious  ]n'oblcnis  connected 
with  the  subject ;  such  as  to  find  the  })r()babihty  that  not  less 
than  yLt  out  of  the  m  pairs  of  stars  are  binary ;  or  that  a  proposed 
pair  is  binary,  &c. 

13.  It  remains  to  indicate  the  processes  which  would  have  to 
be  performed  in  order  to  obtain  numerical  results  from  the  pre- 
ceding expressions.     And  first  let  us  consider  P"  (see  art.  12). 

If  we  knew  that  k  si/stems  were  about  to  be  produced,  the  pro- 
bability beforehand  that  jm  of  them  would  be  binary  and  the  rest 
single,  would  be  the  term  containing  ^^*(^*~'*  in  the  development 
of  {p  +  q)^,  where  q-=i\—p. 

If,  then,  we  know  that  n  stars  have  been  produced,  without 
knoAving  the  way  in  which  they  are  divided  into  systems,  the 
required  probability  P^  will  be  proportional,  for  all  values  of  /i, 

to  the  term  containing  jo^^g""^^  in  {p-\-q)"'~^ ;  and  its  actual 
value  for  an  assigned  value  of  /x  will  be  found  by  dividing  this 
term  by  the  sum  of  all  such  terms  corresponding  to  all  the  pos- 
sible values  of  fi ;  that  is,  it  will  be  a  fraction  whose  numerator  is 

1.2.3...  (n-yg)  ^_, 

1.2...yLiXl.2...(w-2ya)^^^^"     '''' 

and  denominator  the  simi  of  the  values  of  this  expression  from 
fi=zO  to  fj,=  —  or  — ij— ,  according  as  7i  is  even  or  odd. 

14.  The  meaning  of  the  expression  P'*,  just  found,  may  per- 

haps  be  made  clearer  by  the  following  problem,  of  which  it  would 
be  the  solution.  A  bag  contains  a  number  of  balls,  some  of 
which  are  single,  and  some  joined  together  in  couples  ;  the  pro- 
portion of  couples  to  single  balls  being  such  that  p  is  the  pro- 
bability of  draAviug  a  couple  in  one  trial.  An  unknown  number 
of  trials  has  been  made  (each  drawing  being  replaced),  but  it  is 
known  that  the  whole  number  of  balls  di-awn  is  w.    What  is  the 
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probability  that  the  uiimber  of  couples  drawu  was  yu,  ?  /x  being 
auy  assigned  number  not  greater  than  —n. 

"With  reference  to  the  astronomical  problem,  it  must  not  be 
forgotten  that  a  binaiy  system  cannot  have  been  formed  acciden- 
tally out  of  two  single  systems,  at  least  if  we  limit  the  term  to 
the  case  of  two  stars  describing  elliptic  orbits  of  moderate  dimen- 
sions about  their  common  centre  of  gravity  ;  since  it  is  dynami- 
cally impossible  that  two  stars,  acted  on  only  by  their  mutual 
attraction,  could  be  brought  into  such  a  relation  with  one  another 
if  they  had  ever  been  separated  by  an  interval  greater  than  the 
aphelion  distance  of  the  relative  orbit.  We  are  therefore  not  de- 
parting much  from  the  facts  of  the  case  in  assmuing  that  a 
binary  system  must  have  been  ov\^h\ii\[\  produced  as  such.  "We 
neglect  only  the  possibility  of  two  single  systems  having  been 
united  into  a  binary  system  by  some  distinct  interfering  cause. 
It  is  true,  however,  that  -vve  have  neglected  a  circumstance,  less 
important  in  principle,  though  probably  more  so  as  affecting 
numerical  results,  namely,  the  possible  or  actual  existence  of 
multiple  systems.  But  to  take  account  of  this  would  have  intro- 
duced extreme  complexity,  without  adding  am'thing  to  the  com- 
pleteness of  the  investigation  so  far  as  illustration  of  principles 
is  concerned. 

15.  Let  us  now  return  to  the  expression  (/x)  art.  12,  and  con- 
sider the  function  Q^. 

The  (i  priori  probability  that  two  given  stars,  whose  positions 
were  accidental,  woidd  be  within  a  given  angular  distance  6  of 

Q 

one  another,  is  sin^  — .  About  this  there  is  no  difficulty  or  dis- 
pute ;  and  the  expression  is  independent  of  any  hj-pothesis  as 
to  their  respective  distances  from  the  eye.  From  this  it  is  theo- 
retically possible  to  calculate  the  «  prioin  probability  that  s  single 
stars  would  be  accidentally  so  grouped  that  there  would  be  r 
such  pairs,  and  that  with  these  exceptions  no  two  stars  would  be 
within  a  given  angular  distance  (f).  But  the  problem  is,  in  its 
rigorous  form,  very  difficult,  if  not  entirely  impracticable.  It 
becomes  comparatively  simple,  however,  if  we  admit,  as  a  suffi- 
cient approximation,  the  representation  of  it  given  (or  suggested) 
by  Professor  Forbes. 

Suppose  s  dice,  each  having  t  faces,  where  t  is  the  whole 

number  nearest  to   ^,  the  faces  being  numbered  from  1  to  t. 

sin2- 

6 
Then  sin^  -'  is  the  probability  of  throwing  doublets  with  a  given 

pair  of  dice;    and  the   approximation   in   question  consists  in 
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putting;  for  Q*,  the  probability  of  throwing,  in  one  trial  with  the 
s  dice,  r  different  doublets,  and  s — 2r  numbers  not  repeated. 
Now  the  calculation  of  this  probability  is  easily  seen  to  be  merely 
the  problem  of  art.  2  in  a  different  form.  In  general,  the  pro- 
bability of  throwing  n  single  numbers,  b  doublets,  c  triplets,  &c. 
in  one  trial,  will  be 

t{t-l){t-2)  . . .  {t-a-b-c-  . . .  +1) 
/* 

1.2.3. ..g 

^  (1.2)*(1.2.3)^..1.2...«.1.2...^>.1.2...c... 

(where  s  must  not  be  confounded  with  the  s  of  art.  2).  In  the 
case  of  r  doublets  and  s — 2r  single  numbers,  the  denominator 
of  the  second  factor  becomes 

(1.2)'1.2.3...?-.1.2.3...(«-2r). 

16.  Having  thus  obtained  an  expression  for  Q*,  we  ai-e  in 
possession  of  all  the  elements  necessary  for  the  approximate 
solution  of  the  general  problem.  But  I  should  consider  it  a 
great  Avaste  of  time  and  labour  to  attempt  anything  like  a  nu- 
merical result  in  the  actual  case.  All  that  I  have  aimed  at  is  to 
show  that  there  is  no  real  difficulty  of  principle  in  applying  the 
theory  of  probabilities  to  this  and  similar  questions,  however 
impracticable  it  may  be  to  obtain  a  complete  numerical  solution. 
If  it  be  said  that  such  a  conclusion  is  vague  and  unsatisfactoiy, 
I  reply  that  the  same  thing  happens  in  every  branch  of  applied 
mathematics.  The  theory  of  dynamics  can  hardly  furnish  the 
exact  numerical  solution  of  a  single  problem  suggested  by  actu- 
ally existing  cases  of  motion;  still  less  do  the  mathematical 
processes  employed  in  hydi-odynamics,  the  theory  of  heat^  &c., 
correspond  to  the  facts  of  nature.  But  in  all  these  cases  the 
consideration  of  principles  is  not  the  less  interesting  and  instruct- 
ive ;  and  the  discussion  of  problems  depending  upon  data  more 
or  less  fictitious,  may  be,  and  often  is,  of  the  highest  practical 
importance. 

April  14,  1851. 

LXIV.  On  the  Rotary  Power  ivhich  the  Essence  of  Turpentine 
and  Saccharine  Solutions  exercise  on  Heat.  By  MM.  F.  De 
LA  Provostaye  and  P.  Desains*. 

M]\I.  BIOT  and  Melloni  have   demonstrated  in  a  memoir 
printed  in  the  Comptes  Rendus,  vol.  ii.,  that  quartz,  cut 
perpendicular  to  its  axis,  exercises  a  similar  rotary  action  upon 
polarized  heat  to   that  which  it  exercises  upon  polarized  light. 
*  Translated  from  the  Annates  de  Chimie  et  de  Physique  for  Nov.  1850. 
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Since  then,  iu  a  new  investigation  inserted  in  the  Annales  de 
Chimie  et  de  Physique,  3rd  series,  vol.  xi.  p.  109,  ^I.  Biot  adds, 
"  It  has  not  yet  been  investigated  whether  the  same  property  of 
moditSdng  calorific  rays  be  possessed  by  those  liquids  which 
exercise  a  rotary  power  on  polarized  light ;  and  it  would  be  of 
much  interest  to  establish  the  identity  or  the  dissimilarity  of 
action  in  this  case,  where  it  is  pui-ely  molecular."  We  have  un- 
dertaken the  solution  of  this  question,  and  now  propose  to  exhibit 
the  results  to  which  oui'  inquiries  have  conducted  us. 

In  all  our  experiments  we  have  operated  with  polarized  solar 
heat,  simplified  as  much  as  possible  by  refi-action.  To  obtain  it 
in  this  state,  we  dispersed,  by  means  of  a  veiy  pure  prism,  a  solar 
pencil  transmitted  successively  through  a  narrow  chink  and  a 
crystal  of  Iceland  spar.  The  spectrum  thus  obtained  was  suffi- 
ciently clear  to  exhibit  the  lines  of  Fraunhofer.  In  isolating  in 
this  spectrum  the  rays  of  a  determinate  colour,  it  was  easy  to 
satisfy  om'selves  that  the  polarization  was  complete.  For  this 
purpose  it  was  sufficient  to  receive  the  rays  on  a  second  analysing 
prism,  where  they  became  bifmxated,  and  gave  two  images,  one 
of  which  disappeared  when  the  principal  section  was  parallel  or 
pei-pendicular  to  that  of  the  polarizing  prism. 

Dm-ing  the  rotation  of  the  analyser  one  of  these  images  re- 
mained fixed,  and  passing  through  a  conveniently  situated  open- 
ing, fell  upon  the  pile  of  the  thermic  apparatus.  We  have  assured 
ourselves  by  frequent  repetitions,  that,  when  the  analysing  prism 
is  turned,  the  intensity  of  the  calorific  eflFect,  produced  by  the 
action  of  this  image  upon  the  apparatus,  varies  exactly  according 
to  the  law  of  Malus.  As  the  methods  which  we  have  adopted 
to  measure  the  rotations  presuppose  this  law,  we  will  first  cite 
some  numbers  obtained  in  the  preliminary  experiments.  A  con- 
fii'mation  of  the  results  which  we  obtained  last  year  in  operating 
with  the  heat  which  accompanied  white  solar  light,  is  in  this 
case  exhibited. 

Experiments  made  with  the  heat  which  accompanies  the  extreme 

red  raxjs. 
Position  of  the  principal  section  of  the  analyser.     Deviations.     Ratio. 
Parallel  to  the  plane  of  primitive  polari-^ 

zation    ......./     22-00^ 

At  45  degrees  to  the  right  or  to  the  left\ 
of  the  plane  of  polarization      .     .      J 

Parallel  to  the  plane  of  polarization 
At  30  deo:rees  to  the  right  or  left 


■0-50 
11-00  ' 


Parallel  to  the  plane  of  polarization 
At  45  degrees  to  the  right  or  left 

Parallel  to  the  plane  of  polarization 
At  30  degrees  to  the  right  or  left 


J^;r.  i-0-76 


6-5  1  Q, 
l2"75j 

15-9  n 

7-9    /^ 
11-5  j" 


50 
732 
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These  verifications  are  not  the  only  ones  that  we  have  made. 
We  liave  several  times  assured  ourselves  that  the  sum  of  the 
intensities  obtained  for  two  rectangular  positions  of  the  analysing 
spar  is  constant,  whatever  these  positions  may  be. 

Deviations. 
r  18^-5  to  the  right  of  the  zerol  ,  ■■   . 
Principal  section  at  <       of  the  limb      .     .     .     .     j 

71^-5  to  the  left       ....      7*2 


Principal  section  at  <  rpp.r 


Sum 18-6 

to  the  right  of  zero       .      6'6 
to  the  left      .     .     .     .11-7 


Sum 18-3 

The  sumsj  as  we  see,  differ  very  little.  In  these  cases,  the 
principal  sections  of  the  two  spars  were  parallel  Avhen  that  of 
the  analyser  was  about  20  degrees  to  the  left  of  zero. 


All  the  precautions  which  we  have  indicated  being  taken,  and 
the  analyser  being  fixed  in  such  a  position  that  the  image  which 
fell  upon  the  pile  was  extinguished,  the  calorific  action  being  at 
the  same  time  equal  0,  a  tube  of  glass,  terminated  by  two  parallel 
glass  plates  and  filled  with  an  active  liquid,  the  essence  of  tur- 
pentine, for  example,  or  a  sjTup  of  sugar,  was  placed  in  the  path 
of  the  rays.  The  luminous  image  immediately  reappeared,  and 
with  it  the  thermoscopic  action.  But  both  of  them  could  be 
again  rendered  0  by  a  proper  rotation  of  the  analyser. 

In  support  of  this  assertion,  we  will  cite  some  of  the  numbers 
obtained  by  observing  the  rotation  impressed  upon  the  heat 
which  accompanies  the  green  rays  during  their  passage  through 
a  tube  0'15  millim.  in  length,  and  filled  with  the  essence  of  tur- 
pentine. The  plane  of  primitive  polarization  being  vertical,  and 
the  line  0° — 180°  of  the  limb  which  measured  the  rotation  of 
the  analyser  being  also  vertical,  all  calorific  action  was  extin- 
guished before  the  interposition  of  the  active  fluid  when  the 
principal  section  of  the  analyser  was  at  90  degrees. 

After  the  interposition  of  the  liquid,  a  deviation  of  ]4°'5  was 
obtained  for  the  same  position  of  the  prism,  whereas  when  the 
principal  section  was  at  the  zero  of  the  division,  only  a  deviation 
of  5' 5  was  obtained.  The  himinous  image  and  the  calorific 
action  disappeared  completely  when  the  said  section  was  at  —32 
degrees. 

These  facts  prove  incontestably,  that  the  plane  of  polarization 
of  the  calorific  rays,  when  transmitted  across  an  optically  active 
liquid,  experiences  a  rotation  of  the  same  kind  and  in  the  same 
sense  as  that  experienced  by  the  luminous  rays.  With  regard 
to  the  absolute  magnitude  of  this  rotation,  some  difficulty  lay  in 
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the  way  of  its  exact  determination  ;  for  the  thermoscopic  appa- 
ratus, notwithstanding  its  delicacy,  is  ever  less  sensible  than  the 
eye.  To  make  the  thing  plain,  we  will  observe  in  the  first  place, 
that  the  magnitude  of  the  observed  deviations  never  exceeded 
25  divisions  vmder  the  most  favourable  circumstances,  that  is  to 
say,  when  the  principal  section  of  the  analyser  was  parallel  to 
the  plane  of  polarization  of  the  ray.  At  85  and  at  95  degrees 
from  this  position,  we  ought,  according  to  the  law  of  INIalus,  to 
observe  a  deviation  equal  to  25^^'  x  cos^  85,  or  0'18  div.,  and  it  is 
scarcely  possible  to  appreciate  so  small  a  deviation.  It  would 
not  be  attended  with  greater  certainty  to  seek,  by  simple  galva- 
nometric  observations,  the  position  to  be  given  to  the  analyser 
so  as  to  obtain  the  maximum  effect. 

We  have  had  recourse  to  other  methods,  which  we  will  describe 
in  their  order. 

If  it  be  not  easy  to  find  the  position  of  the  analyser  by  which 
the  maximum  deviation  is  obtained,  the  magnitude  of  the  latter 
may  be  determined  without  ambiguity.  To  obtain  it,  it  is  only 
necessary  to  observe  the  effects  which  correspond  to  two  rectan- 
gular positions  of  the  spar.  According  to  the  law  of  ]\Ialus, 
their  sum  is  equal  to  the  maximum  effect.  In  dividing  by  this 
maximum  deviation  that  which  corresponds  to  any  determinate 
direction  whatever  of  the  principal  section,  we  obtain  the  square 
of  the  cosine  of  the  angle  which  this  direction  makes  with  the 
changed  plane  of  polarization,  and  thus  the  magnitude  of  the 
rotation  is  found.  AMien  this  occurs  between  30  and  60  degrees, 
it  is  convenient  to  observe  the  deviations  for  the  positions  0  and 
90  degrees  of  the  analysing  spar.  The  square  of  the  cosine  of 
the  sought  rotation  is  obtained  immediately  by  dividing  the 
effect  obtained  at  zero  by  the  simi  of  this  effect  and  that  obtained 
at  90  degrees. 

When  the  rotation  is  less  than  30  degrees  or  greater  than  60 
degrees,  the  galvanometric  deviation  observed  at  zero,  or  that 
which  corresponds  to  90  degrees,  is  too  feeble  to  give  a  certain 
result ;  two  other  rectangular  positions  should  be  chosen  which 
are  more  convenient. 

We  will  now  give  the  results  obtained  by  experimenting  in  the 
manner  indicated. 

Heat  of  the  green  portion  of  the  spectrum;  the  line  0° — 180°  of 
the  limb  of  the  analyser  being  vertical  and  coincident  toith  the 
plane  of  primitive  polarization. 

Length  of  the  tube  filled  with  essence  of  turpentine,  0*15  millim. 

De^'iations. 
Sparat^Odegi-ees     .     .     ^4-4  j^     Rotation  58°  54 . 
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Same  conditions  ;  length  of  tube  O'l  millim. 
Deviations. 
Spar  at^O  degrees     .     .     10-4|      Rotation  39°  22'. 

Another  series.     Sa7ne  conditions ;  tube  0"1  millim.  long. 
Spar  at^O  degrees     .     .     14-0|       Rotation  40°  12'. 

Tube  015  millim.  long. 

Spar  at  0  degrees     .     ,       4*9~\        u  4.  i.-       -noiQ/ 
^        nn  1 Q  Q  r  •     Kotation  o9    13'. 

..•   yu     ...        .     .     lo'oj 

These  numbers  satisfy  the  law  of  lengths.  Further,  the  ob- 
servation of  the  optic  rotation,  obtained  for  the  same  light  and 
with  the  same  tubes,  shows  that  its  absolute  value  was  the  same 
as  that  of  the  caloritic  rotation. 

We  have  also  determined  the  rotary  action  of  a  column  of 
turpentine  0"05  millim.  in  length;  but  the  smallness  of  the 
effect  obtained  at  90  degrees,  that  is  to  say,  when  the  principal 
section  of  the  analyser  was  perpendicular  to  the  plane  of  primi- 
tive polarization,  compelled  us  to  choose  two  other  rectangular 
positions. 

Tkbe  0*05  millim.  long. 
Deviations. 
Spar  at  -65  degrees     .     98  \      Rotation   -20°. 

+2o    ...      .   y*/oj 

These  experiments  prove  that  the  altered  plnne  of  polarization 
was  at  —  20° ;  they  therefore  differ  very  little  trom  the  preceding 
experiments,  which,  according  to  the  law  of  lengths,  would  place 
the  rotation  at  19°  45'. 

Same  conditions;  tube  01  millim.  long. 
De^^ations. 
Spar  at  +   5  degrees     .     8-25-j      Rotation  -40°. 
—  oo      ...  ,     o"2oj 

The  altered  plane  of  polarization  is  here  40  degrees  from  zero. 
The  rotation  is  therefore  double  of  that  produced  by  the  pre- 
ceding tube  with  the  same  heat. 

These  experiments  were  repeated  with  the  heat  which  accom- 
panies the  extreme  red  of  the  solar  spectrum,  the  essence  of  tur- 
pentine being  still  employed  as  the  active  liquid.  The  results 
were  as  follows  : — 
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Tube  0'05  millim.  long. 
Deviations. 
Spar  at  +32  degrees     .       611        Rotation  -  lO^' 26'. 

—  OO         ...  .  O'lJ 

Same  conditions ;  tube  O'l  millim.  long. 

Sparat  +18°-5  .     .     .     11-51^      Rotation  -20°  25'. 

—  71  '5  ...       7*5  J 

Same  conditions ;  tube  O'l 5  millim.  long. 
Spar  at  ^0  degrees     .     .     24-8  j^     Rotation  +32°  33'. 

The  law  of  lengths  exhibits  itself  here  also ;  and  we  obsei've, 
as  in  the  case  of  light,  that  the  absolute  magnitude  of  the  rota- 
tion increases  with  the  refrangibility. 

The  diminution  is  the  same  as  long  as  we  do  not  operate  on 
the  rays  immediately  bordering  upon  the  obscure  portion  of  the 
specti'um.  Near  this  limit  an  apparent  difference  is  exhibited, 
which,  however,  is  easy  to  be  explained.  The  calorific  rotation 
appears  notably  less  than  the  optic  rotation ;  in  some  experiments 
with  a  column  of  turpentine  0*05  millim.  long,  the  rotations  of 
light  and  heat  have  differed  more  than  two  degrees. 

This  fact  can  also  be  proved  in  the  following  manner : — 

With  a  column  of  the  essence  0*15  millim.  long  it  was  neces- 
sary, in  order  to  extinguish  the  red  image  as  effectually  as  pos- 
sible, to  turn  the  analyser  to  +40  degrees  from  its  primitive 
position.  In  this  position  the  thermoscopic  apparatus  indicated 
a  deviation  of  0'6.  It  was  necessary  to  turn  the  spar  to  about 
57  degrees  before  the  galvanometer  ceased  to  be  affected  j  at 
this  point,  however,  the  luminous  image  was  very  visible. 

It  appears  to  us  that  this  difference  may  be  accounted  for  in 
the  following  manner. 

The  bundle  of  calorific  rays  on  which  we  operated  having  a 
certain  width,  was  formed  in  the  case  under  consideration  partly 
by  the  extreme  and  visible  red  rays,  and  partly  by  the  obscure 
rays.  Allien  the  rotation  of  the  heat  was  determined,  the 
obscure  portion,  on  account  of  its  intensity,  was  predominant, 
and  the  angle  corresponding  to  this  portion  was  found.  For  the 
rotation  of  the  luminous  portion,  on  the  contraiy,  that  of  the 
visible  rays  of  the  image  was  necessarily  found  :  the  latter  there- 
fore ought  to  be  the  greater  of  the  two ;  since,  according  to  the 
law  established  by  M.  Biot,  the  red  rays  have  a  greater  refran^ 
gibility  than  the  obscure  rays. 

In  our  experiments,  we  have  in  some  instances  pursued  a 
method  somewhat  different  from  that  which  has  been  just  ej., 
plained. 
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Tlie  analyser  being  always  at  zero  after  the  interposition  of 
the  active  liquid,  by  a  suitable  rotation  of  the  polarizing  prism 
we  caused  the  luminous  image  to  disappear ;  tiu'ning  the  ana- 
lyser successively  to  +45°  and  —45°,  we  observed  the  galvano- 
metric  deviations.  If  the  rotation  be  the  same  as  for  the  light, 
these  effects  will  be  equal.  If  not,  let  S  be  their  sum,  and  D 
the  smallest,  which  we  will  suppose  to  be  that  corresponding  to 
+  45°  for  instance,  we  have  evidently 

■H-  equal  to  cos^  (45°  +  ^), 
and 

— ^ —  equal  to  cos^  (45°— a;), 

X  being  the  diiference  between  the  rotation  of  the  ray  of  heat 
and  the  angle  to  which  the  polarizing  prism  must  be  turned,  to 
cause  the  luminous  image  to  disappear. 

These  details  suffice  to  explain  the  manner  in  which  the  fol- 
lowing results  have  been  arrived  at : — 

{Optic  rotation  of  the  red  \  1 40  nr 
luminous  ray  •     •     •     j" 
Rotation    of  the    calorific  l-,,o  0 a/ 
ray  which  accompanies  itj 

f  Optic  rotation  of  the  ^x-l  goo  q/ 
Essence  of  turpentine,!       treme  red  ray       .     .     J 
tube  0"1  millim.  long.       ]  Rotation    of  the   calorific  1  2^°  qa' 
1^    ray  which  accompanies  it  j 

We  have  also  examined  the  rotary  action  of  cane-sugar.  For 
this  purpose  we  have  made  use  of  a  very  concentrated  solution, 
filling  therewith  the  tube  0-05  millim.  in  length. 

For  the  extreme  red,  the  rotation  of  the  luminous  ray  was  25 
degrees ;  that  of  the  calorific  ray  22°  36'. 

We  then  divided  the  syrup  into  two  parts  exactly  equal,  and 
replacing  one  of  them  in  the  tube,  we  filled  it  up  with  distilled 
water.     The  rotation  was  then — 

For  the  light     ....     12°  30' 
For  the  heat      ....     11°  20' 

We  remark  here,  what  has  been  before  expressed,  that,  for 
both  sugar  and  essence,  the  calorific  rotation  was  in  the  same 
direction  as  the  luminous  rotation ;  consequently  to  the  right  in 
the  one  case,  and  to  the  left  in  the  other. 

Finally,  we  were  aware  that,  according  to  the  indications  of 
M.  Biot,'a  liquid  formed  by  dissolving  31  parts  of  camphor  in 
69  parts  of  the  essence  of  turpentine,  causes  almost  the  same 
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amount  of  rotation  wdth  rays  of  different  refrangibilities,  We 
filled  a  tube  0*10  millim.  in  length  with  a  solution  prepared  in 
this  manner.  The  green  and  the  red  polarized  rays  experienced 
in  passing  through  it  an  equal  rotation  from  right  to  left  of 
nearly  6|-  degrees.  The  rotation  of  the  calorific  rays  which 
accompanied  them  was  also  the  same,  as  may  be  seen  from  the 
following  numbers  : — 

Heat  which  accompanies  the  green  light. 

De\nations. 
Spar  at  +40  degi-ees      .     .     5"1 
...       -53      ...         '.     .     4-9 
...       +40 4-8 

It  follows  from  this,  that  the  deviations  are  the  same  at  +40 
degrees  and  at  —53  degrees,  and  that  thus  the  maximum  devia- 
tion had  been  observed  at  —6°  30'. 

Heat  which  accompanies  the  red  light. 

Spar  at  +40  dea;rees      .     .     4-8 
...      -53      \..         .     .     4-7 

Another  trial  with  a  more  intense  bundle. 

Spar  at  +40  degrees      .     .     9*1 
...      -53      9-3 

Another  trial. 

Spar  at  +40  degrees     .     .  10*6 

...       -53       10-8 

+  40      11-4 

...      -53       11-3 

The  laws  of  the  phsenomenon  are  therefore  the  same  for  both 
agents,  and  the  identity'  throughout  the  details  is  most  minute. 
Thus,  with  regard  to  the  rotaiy  power,  that  which  is  true  for  a 
ray  of  the  limiinous  spectrum  is  also  ti-ue  for  the  calorific  ray 
which  accompanies  it.  Now,  according  to  the  researches  of 
M.  Biot,  the  rotations  are  nearly  inversely  proportional  to  the 
squares  of  the  access,  or  to  the  length  of  the  undulations ;  so  that 
knowing  the  rotations  experienced  by  two  different  rays  in  tra- 
versing the  same  column  of  active  liquid,  and  the  wave-length 
of  one  of  them,  that  of  the  other  can  be  fovmd.  In  applj-ing 
this  law  to  the  rays  of  heat,  we  hope  to  be  able  to  determine  the 
lengths  of  such  and  such  rays  of  the  obscure  portion  of  the 
spectrum. 

It  is  true  that,  according  to  the  measurements  of  M.  Broch, 
{Repertorium  der  Physik,  vol.  vii.  p.  115),  the  law  of  ]\I.  Biot  is 
not  quite  exact ;    it  will  give,  however,  a  first  approximation. 
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Further,  by  applying  the  same  procedure  to  heat  proceeding 
from  diiFerent  sources,  we  shall  have  a  new  method  of  ascertain- 
ing whether  the  ditferences  in  the  reflexion  of  those  rays  from 
the  same  metallic  mirror  are,  or  are  not,  a  consequence  of  a  cor- 
responding difference  in  the  lengths  of  the  undulations. 


The  authors  have  also  proved,  that  the  relative  quantities  of 
solar  heat  reflected  from  different  mirrors,  both  glass  and  me- 
tallic, correspond  with  the  relative  quantities  of  solar  light  re- 
flected from  the  same  mirrors ;  and  that  the  formulae  developed 
by  Fresnel  for  glass,  and  by  M.  Cauchy  for  metallic  mirrors, 
apply  equally  to  the  calorific  and  to  the  luminous  phfenomena. 

LXV.  Xote  on  the  Effect  of  Fluid  Friction  in  dnjing  Steam  which 
issues  from  a  High-pressure  Boiler  through  a  small  Orifice  into 
the  open  Air.     By  Prof.  W.  Thomson  *. 

IN  a  letter  to  i\Ir.  Joule  •v^Titten  last  October,  and  since  pub- 
lished in  the  Philosophical  Magazine  t,  I  pointed  out  that 
the  remarkable  discovery  (made  independently  by  Messrs.  Ran- 
kine  and  Clausius),  that  steam  allowed  to  expand  requires  heat 
to  be  added  to  it  to  prevent  any  part  of  it  from  becoming  lique- 
fied, can  only  be  reconciled  with  the  knoMTi  fact  of  the  diyness 
of  steam  issuing  into  the  open  air  from  a  high-pressure  boiler 
through  a  small  aperture,  by  taking  into  account  the  heat  deve- 
loped by  the  fluid  friction  in  the  neighbom-hood  of  the  aperture. 
I  may  add,  that  the  immediate  mechanical  effect  of  the  work 
done  by  the  steam  in  pressing  out,  is  the  generation  of  vis  viva 
in  the  fluid;  and  all  of  this  vis  viva,  except  the  veiy  small  pro- 
portion of  it  retained  by  the  steam  after  leaving  the  rapids,  is 
lost  in  friction  before  the  fluid  reaches  the  locality  where  its 
pressm'e  is  equal  sensibly  to  that  of  the  atmosphere ;  that  is,  is 
converted  into  thermal  vis  viva  or  heat.  M.  Clausius  J,  in  an  in- 
vestigation of  the  circumstances  of  this  case  of  expanding  steam, 
points  out  distinctly  that  work  is  done,  but  overlooks  the  me- 
chanical effect  produced ;  and  in  consequence  arrives  at  the  con- 
clusion that  my  proposition,  that  the  steam  when  it  has  ex- 
panded till  its  pressure  is  equal  to  that  of  the  atmosphere  could 
not  be  dry  without  the  heat,  or  some  of  the  heat,  it  gets  from 
fluid  friction,  is  false.  These  remarks  are,  I  trust,  sufficient  to 
show  that  M.  Clausius^s  objections  to  my  reasoning  are  groundless. 
London,  May  10,  1851. 

*  Communicated  by  the  Author, 
t  Vol.  xxxvii.  p.  387,  December  1850. 

X  In  an  article  recently  published  in  Poggendorff's  Annalen,  and  repub- 
lished in  the  last  Number  (May)  of  the  Philosophical  Magazine. 
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LXVI.  A  Reply  to  Remarks  connected  ivith  the  Solution  of  the 
Problem  of  Sound.     By  Professor  Potter,  A.M.* 

PROFESSOR  CHALLIS,  in  the  last  Number  of  the  Maga- 
zme^  shows  how  certain  hj^otheses  have  been  advanced  in 
order  to  obtain  a  solution  of  the  problem  of  sound,  and  also 
states  what  he  conceives  t6  be  the  hj^othesis  on  w^hich  my  so- 
lution is  founded ;  from  which,  however,  I  dissent. 

Professor  Challis  misimderstands,  I  conceive,  the  effect  of  in- 
troducing the  atomic  theory  into  hydrodynamics  when  he  says,  "  it 
amounts  to  assuming,  that,  together  with  a  motion  of  the  fluid 
along  a  fixed  axis,  there  is  a  motion  transverse  to  that  axis/' 
This  relates  to  my  considering  the  condensations  and  rarefactions 
to  take  place  in  all  directions,  which  is  however  implied  when- 
ever Boyle's  hydrostatical  law  is  used,  and  no  solution  of  the 
problem  of  sound  can  be  attempted  without  it.  As  to  Boyle's 
law  involving  a  motion  of  the  atoms  sensibly  transverse  to  the 
wave  direction,  I  do  not  conceive  the  ^•iew  to  be  tenable.  The 
condensations  and  rarefactions  cannot  be  considered  to  arise  by 
the  contraction  or  expansion  of  definite  sheets  or  shells  of  atoms, 
perpendicular  to  the  wave  direction ;  but  by  the  atoms  situated 
variously  on  the  arrival  of  a  wave,  re-arranging  themselves  in 
accordance  with  the  varjang  pressm*e,  and  continuing  to  vibrate 
so  as  to  fulfill  the  law. 

Now  from  the  undefined  and  exceeding  minuteness  of  the 
ultimate  atoms  of  matter,  the  lateral  motion  of  any  atom  may  be 
almost  indefinitely  small  compai-ed  with  the  breadth  of  a  wave, 
and  even  with  the  displacement  of  the  atom  from  its  original 
position,  although  this  latter  is  considered  small ;  and  by  this 
intermingling  or  re-arrangement  of  the  atoms,  the  requirements 
of  Boyle's  law  will  be  fulfilled.  There  can  be  nothing  like  a 
regular  fonnation  of  shells  or  sheets  of  atoms  which  do  not 
change  their  relative  positions ;  for  such  sheets  of  atoms  would 
be  incompatible  with  the  extreme  fluidity  of  gases,  and  the  per- 
petual intestine  motion  within  them,  such  as  is  seen  by  means 
of  the  particles  of  dust  in  a  sun-beam  on  passing  through  a  still 
room.  The  condensations  and  rarefactions  taking  place,  accord- 
ing to  Professor  ChalHs's  method,  by  a  regular  transverse  motion 
to  or  from  a  fixed  axis  in  such  an  unstable  fluid  as  air,  is  evi- 
dently inconceivable. 

In  addition  to  the  received  law  of  Boyle  and  doctrine  of  atoms 
of  Dalton,  I  believe  I  have  proposed  no  other  hj^othesis  than 
this — that  the  equations  of  motion  must  be  formed  for  distinct 
atoms,  and  the  correct  methods  of  forming  and  employing  those 
equations  on  the  atomic  constitution  of  fluids  must  be  the  means  of 
discovering  the  solutions  of  hydrodynamical  problems.    TMiether 

*  Communicated  by  the  Author. 
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I  have  discovered  these  correct  methods  is  open  to  discussion. 
I  believe  that  my  sohition  of  the  interesting  case  of  diverging 
streams  of  air  has  no  competitor  which  can  approximate  to  an 
explanation  of  the  facts.  In  regard  to  the  numerical  velocity  of 
sound  it  is  otherwise ;  and  I  have  to  acknowledge  a  very  great 
oversight  in  the  computations  on  which  the  close  agreement  with 
the  true  velocity,  stated  at  the  end  of  my  iirst  paper  on  sound, 
was  based.  The  error  is  this  :  using  Poisson's  numbers  in  cal- 
culation, I  omitted  to  see  that  the  ratio  of  the  density  of  mer- 
cury to  the  density  of  the  air  there  given  was  for  the  temperature 
of  freezing,  and  of  course  the  velocity  of  sound  calculated  there- 
from should  have  been  compared  with  the  experimental  ^'elocity 
at  the  freezing-point.  My  theoretical  velocity  with  these  data 
comes  out  thirty-two  feet  per  second  more  than  the  experimental 
result. 

Mr.  Rankine,  in  his  paper  in  the  last  Number,  appears  still  to 
misunderstand  the  bearing  of  the  method  on  which  Poisson's 
solution  of  the  problem  of  sound  is  obtained. 

We  have  a  an  unknown  function  of  s,  and  of  the  same  sign 
with  it,  s  being   small ;  these   are  their  only  known   relations. 
What  is  in  reality  a  physical  law,  is  attempted  to  be  determined 
'  by  mathematical  reasoning  from  these  imperfect  data. 

Supposing  the  unknown  function  a=f{s)  to  be  expanded  in 
a  series  ascending  by  integral  powers  of  s,  we  have  the  form 

a=u-\-l3s  +  js'^  +  8s^  +  es'^  +  ^s^  +  &c., 
where  a  =  0 ;  but  to  say  "  k  cause  de  la  petitesse  de  s/'  that  0 
is  a  finite  quantity  is  a  nan  sequitur,  since  the  conditions  will  be 
satisfied  if  either  S,  ^,  or  other  coefficient  of  an   odd  power,  be 
the  first  coefficient  which  does  not  vanish. 

Mr.  Rankine  takes  the  form  p  =  (pp,  or  the  pressure  in  the 
general  disturbed  state  an  unknown  function  of  the  density,  and 
uses  in  Taylor's  theorem  the  first  derived  function  <^'/3o>  which  is 
of  course  also  unknown.  His  expansion,  s  being  small,  gives 
for  a  this  value. 


option  to  take 


-Po 
Now  it  is  a  pure  assumption  to  take  the  coefficient 

Po 

a  finite  quantity ;  physical  laws  being  something  beyond  alge- 
braic expansions. 

As  to  his  reference  to  a  former  argument,  he  should  have  told 
us  what  observed  facts  are  inconsistent  with  unsymmetrical 
waves ;  he  did  not  mean  perhaps  the  sounds  arising  from  the 
super-imposed  vibrations  in  musical  strings. 

London,  May  10,  1851. 
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LXVII.  Further  Discussion  of  the  Principles  of  Hydrodynamics, 
in  Reply  to  Professor  Stokes.     By  Professor  Challis*. 

AGAINST  the  general  proposition  that  ud^+vdy  +  wdz  is 
integrable  by  a  factor.  Professor  Stokes  brought  the  ob- 
jection that  the  proposition  is  not  true  if  u,  v,  iv  iuckide  a  motion 
of  translation  of  the  whole  fluid  mass.  I  replied  (in  the  March 
Number)  that  the  objection  has  no  force,  because  such  a  motion 
of  translation  may  be,  and  usually  is,  left  out  of  consideration  in 
hydrodynamics.  The  motion  of  translation  of  the  solar  system, 
for  instance,  is  not  taken  into  account,  not  being  accurately 
known  either  in  magnitude  or  direction ;  and  as  this  motion  of 
translation  is  of  necessity  eliminated,  so  we  may  eliminate  a 
motion  of  translation  m  any  case.  Professor  Stokes  is  under  a 
misapprehension  in  supposing  that  I  have  asserted  the  elimina- 
tion of  the  motion  of  translation  to  be  necessarily  a  preliminaiy 
step.  I  made  no  such  assertion.  When  that  motion  takes  place 
under  known  circumstances,  it  may  be  included  in  the  ^•alues  of 
u,  V,  w.  But  at  the  same  time  that  this  is  done,  the  principle 
must  be  recognized,  that  the  motion  of  translation  of  the  whole 
mass,  which  the  mass  might  receive  if  it  were  solid,  and  the 
residual  motion,  which  exclusively  belongs  to  it  as  a  fluid,  are 
independent  of  each  other.  If  this  principle  be  attended  to,  the 
terms  relating  to  the  motion  of  translation  separate  themselves 
by  the  course  of  the  reasoning  from  those  relating  to  the  remain- 
ing motion,  and  the  result  is  the  same  as  if  the  motion  of  trans- 
lation were  in  the  first  instance  eliminated. 

The  new  argxiraent  brought  forward  by  Professor  Stokes  in 
the  May  Number  is  little  else  than  a  reproduction  of  the  former 
argument  in  another  form.  The  instance  of  motion  adduced  is 
that  of  a  mass  of  fluid  revolving  with  a  given  angular  motion 
about  a  fixed  axis.  According  to  the  principle  of  the  separability 
of  the  parts  of  a  fluid  without  assignable  force,  the  fluid  in  this 
very  particular  case  of  motion  may  be  conceived  to  be  separated 
by  indefinitely  thin  cylindrical  partitions  into  an  unlimited  num- 
ber of  cylindi'ical  shells  having  for  common  axis  the  axis  of  rota- 
tion. An  arbitrary  motion  of  translation  parallel  to  the  axis  may 
be  given  to  any  one  of  these  shells,  without  afi'ecting  its  motion 
of  rotation,  and  quite  independently  of  any  arbitrary  motions  of 
translation  parallel  to  the  same  axis,  which  may  be  given  to  the 
contiguous  shells.  Hence  for  this  instance  udx  +  vdy  +  wdz  can- 
not be  made  integrable  by  a  factor,  because  the  quantity  w, 
which  expresses  the  motion  of  translation  of  any  one  of  the 
cylindi'ical  shells,  is  altogether  an  arbitraiy  quantity,  and  is  not 

*  Communicated  by  the  Author. 
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even  necessarily  a  function  of  the  distance  from  the  axis.  As 
this  is  a  sintjular  case  of  motion  requiring  peculiar  considerations, 
and  as  the  motion  of  translation  parallel  to  the  axis  is  arbitraiy 
and  independent  of  the  motion  about  the  axis,  1  do  not  admit 
that  this  one  instance  invalidates  the  general  proposition  that 
udx  +  vdy  +  wdz  is  integrable  by  a  factor. 

Cambridge  Obser\-atory, 
Mav  12,  1851. 


LXVIII.  Description  of  the  Dynactinometer,  an  Instrument  for 
measuring  the  Intensity  of  the  Photogenic  Rays  and  comparing 
the  Power  of  Obj ect- Glasses ;  with  Observations  on  the  differ- 
ence between  the  Visual  and  Photogenic  Foci,  and  their  constant 
variation.  By  A.  F.  J.  Claudet*. 
[TV'ith  a  Plate.] 

THE  various  processes  of  photography  are  dependent  on  the 
same  acting  principle ;  and  this  principle,  one  of  the  ema- 
nations of  all  luminous  bodies,  is  the  agent  of  a  chemical  action 
by  which  certaiji  compounds  undergo  some  modifications  and 
acquire  new  properties.  It  has  received  the  name  of  actinism, 
to  distinguish  it  from  light,  because  it  can  manifest  itself  in  an 
insulate  state,  and  without  reference  to  the  degree  of  intensity 
of  light.  Still  the  actinic  rays  are  subject  to  the  same  laws  of 
transmission,  reflexion,  refraction  and  polarization. 

^^Ticn  a  camera  obscura  is  placed  before  an  object  impinged 
upon  by  the  luminous  rays,  these  rays  are  refracted  by  the  lens, 
and  converge  to  the  focus  of  the  camera,  forming  there  an  image 
exactly  similar  to  that  represented  upon  the  retina. 

But  as  the  luminous  rays  are  generally  accompanied  with  ac- 
tinic rays,  these  last  form  another  image,  which,  although  not 
apparent  to  our  senses,  still  will  subsequently  manifest  its  exist- 
ence when  we  substitute  for  the  screen  of  the  camera  a  surface 
coated  with  certain  chemical  compoimds,  which,  by  the  modifi- 
cation they  experience  under  the  action  of  the  actinic  rays,  pro- 
duce an  image  difiering  from  the  visual  image  in  two  important 
respects,  viz.  the  casual  image  does  not  last  longer  than  the  re- 
flexion, and  being  produced  by  all  the  rays  reflected  from  the 
object,  it  is  composed  of  the  natural  colom-s,  while  the  actinic 
image,  when  once  developed,  continues  permanent;  but  being 
entirely  produced  by  a  uniform  action  of  the  actinic  rays  alone, 
the  lights  of  the  picture  can  be  expressed  only  by  one  tint  and 

*  Communicated  by  the  Author,  having  been  read  before  the  British 
Association  the  7th  of  August  1850,  in  the  Section  of  Mathematical  and 
Physical  Sciences. 
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the   shadows  by  another,  consequently  no  colours  are  repre- 
sented. 

The  luminous  rays  being  endowed  with  various  degrees  of 
refi'angibilitVj  are,  on  an  average,  considerably  less  refracted  than 
the  actinic  rays.  Hence  the  difficulty,  by  means  of  the  process 
of  achromatism,  to  bring  them  all  to  the  same  focus.  An  object- 
glass,  although  perfectly  achromatic  for  the  luminous  rays,  may 
give  a  visual  image  at  a  focus  which  does  not  coincide  with  the 
focus  of  the  actinic  rays. 

For  a  long  time  it  was  supposed  that  achromatic  lenses  repre- 
sented the  visual  image  at  the  same  focus  as  the  actinic  image ; 
and  this  supposition  was  a  continual  source  of  error  in  the 
result  of  photographic  operations. 

In  the  year  1844,  I  was  induced  to  investigate  this  question 
on  account  of  the  difficulty  I  had  continually  experienced,  since 
the  beginning  of  photography,  to  obtain  well-defined  photo- 
graphic pictures  with  the  best  achromatic  lenses  giving  the  most 
perfect  images  on  the  ground  glass. 

After  a  long  series  of  experiments,  I  discovered  that  in  achro- 
matic lenses  generally  the  photographic  focus  does  not  coincide 
with  the  visual  focus.  I  communicated  a  paper  on  this  subject 
to  the  Royal  Society,  and  to  the  Academic  des  Sciences. 

I  had  at  first  much  difficulty  to  convince  opticians  and  photo- 
graphers that  there  was  such  a  difierence  in  achromatic  lenses. 
But  M.  Lerebours  of  Paris,  at  my  suggestion,  having  investigated 
that  question,  acknowledged  the  correctness  of  the  fact,  explained 
the  cause  of  the  difference,  and  indicated  the  means  of  avoiding 
it,  or  correcting  the  lenses  subject  to  it. 

This  point  seems  now  well  established  ;  and  opticians,  by  new 
formulse,  have  changed  the  curvatures  of  their  lenses,  in  order  to 
construct  object-glasses  having  their  two  foci  coincident.  They 
nearly  all  announce  that  the  lenses  they  now  produce  are  exempt 
from  any  difference,  and  that  they  can  correct  those  they  had  con- 
structed before  my  discovery.  A  few  others,  rightly  considering 
that  there  is  no  practical  advantage  in  lenses  having  their  foci 
coincident,  in  order  to  correct  the  difference,  mark  the  sli- 
ding tube  of  the  object-glasses  vdth.  small  divisions,  to  which, 
after  having  set  the  focus  on  the  ground  glass,  it  is  necessary  to 
pull  in  or  out  the  tube  according  to  the  distance  of  the  object. 
Althovigh  this  mode  of  correction  is  not  exact  in  all  circum- 
stances, as  I  shall  hereafter  explain,  still  by  it  they  fully  acknow- 
ledge the  truth  of  the  fact  which  had  escaped  them  before. 

But  I  have  lately  chscovered  another  fact,  as  important  and 
as  extraordinaiy,  viz.  that,  by  some  causes  which  cannot  yet  be 
explained  in  a  satisfactoiy  manner,  there  is  a  constant  variation 
in  the  difference  between  these  two  foci.     I  have  indicated  the 
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means  of  ascertaining  the  tnie  position  of  both  in  all  circum- 
stances; so  that  photographers  may  now  de})end  on  a  well-de- 
fined image  with  any  lenses,  and  with  those  which  before  were  on 
that  account  quite  imperfect  and  useless. 

The  new  and  unexpected  phenomenon  of  the  variation  of  the 
distance  separating  the  two  foci  has  been  received  with  the  same 
doubts  as  was  at  lirst  the  fact  of  their  non-coincidence  ;  because 
the  cflfect  cannot  be  explained  by  any  of  the  properties  which 
are  known  to  affect  the  refraction  and  dispersion  of  the  various 
rays  of  the  spectrum,  when  they  are  refracted  from  the  atmo- 
sphere through  object-glasses. 

We  reason  too  much  as  if  in  photography  there  were  nothing 
more  than  the  theory  of  the  light  which  affects  our  vision,  the 
theory  by  which  telescopes,  and  other  instruments  destined  to 
form  a  visual  image,  arc  generally  constructed.  But  we  must 
abandon  that  theoiy,  and  study  the  new  laws  of  photography, 
w^hich  alone  will  afford  us  the  means  of  producing  a  perfect  pho- 
tographic apparatus,  and  explaining  a  fact  purely  photogenic. 

By  means  of  my  focimeter,  an  instrument  I  have  contrived, 
and  which  every  photographer  can  construct  himself  (see  figs.  4 
and  5,  Plate  III.,  and  description  in  Phil.  j\lag.  for  Nov.  1849), 
only  a  few  series  of  experiments  are  required  to  decide  the  question. 
Let  us  hope  that  such  an  important  fact  will  not  remain  long  in 
that  state  of  doubt,  which  is  not  satisfactoi-y  either  in  a  philoso- 
phical or  in  a  practical  point  of  view. 

I  shall  now  examine  the  question  of  the  coincidence  announced 
by  opticians  to  exist  in  their  object-glasses.  It  is  not  correct  to 
say  in  a  general  way,  that  lenses  can  be  constructed  having  their 
two  foci  coincident ;  it  would  be  more  so  to  say,  that  an  optician 
can  produce  lenses  in  which  on  an  average,  for  a  given  distance, 
hut  for  that  distance  only,  the  two  foci  may  be  practically  less 
separated,  or  even  may  agree,  strictly  speaking.  In  fact,  there  are 
no  tolerably  good  lenses  in  which  the  two  foci  do  not  coincide  for 
one  distance.  But  is  it  desirable  to  adopt  curvatures  which  render 
the  two  foci  coincident  ?  In  doing  so,  is  not  the  optician  exposed 
sometimes  to  sacrifice  other  important  conditions,  such  as  the 
curvatures  which  correct  the  spherical  aberration  in  the  most 
perfect  manner  ?  And,  moreover,  in  concentrating  all  the  rays 
to  the  same  focus,  does  he  not  very  often  render  his  lenses  slower 
for  the  development  of  the  photogenic  action  ?  I  shall  leave  the 
first  point  for  the  investigation  and  decision  of  mathematicians, 
and  content  myself  with  examining  the  question  of  the  influence 
of  antagonistic  rays,  which  may  in  certain  circumstances,  as  I 
shall  hereafter  explain,  counteract  the  action  of  the  photogenic 
rays  when  they  are  all  concentrated  on  the  same  points. 

It  had  always  appeared  to  me  that  the  lenses  generally  the 
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most  active  were  those  in  which  the  two  foci  were  the  most  sepa- 
rated. Such  a  result  seems  obvious  when  it  is  corroborated  by 
the  following  facts  and  observations  : — 

Sir  John  Herschel,  from  the  commencement  of  the  discoveiy 
of  photography,  had  expressed  the  opinion,  that  Mhen  lenses 
were  not  achromatic,  they  had  a  greater  photogenic  power  than 
when  achromatic,  for  the  reason  that  in  the  former  the  photo- 
genic rays  were  separated  from  the  red,  orange  and  yellow  rays, 
endowed  with  an  antagonistic  action. 

]\I.  Lerebours  of  Paris  has  proved,  that,  in  throwing  red, 
orange  or  yellow  rays  on  the  photogenic  part  of  the  spectrum 
formed  on  a  Daguerreotype  plate,  the  action  was  entirely  im- 
peded or  less  rapid  than  when  these  last  were  insulated. 

I  have  myself  demonstrated,  by  a  long  series  of  experiments 
published  in  former  memoirs,  the  antagonism  of  the  red,  orange 
and  yellow  rays  ;  and  I  must  not  omit  to  mention,  that  Dr. 
Draper  of  New  York,  and  Messrs.  Fizeau  and  Foucault  of  Paris, 
have  proved  the  same  fact  by  some  veiy  conclusive  experiments. 
All  these  observations  tended  to  the  conclusion,  that  the  most 
active  lenses  were  those  in  which  the  photogenic  focus  was  the 
most  separated  from  the  visual  focus;  but  we  had  no  demon- 
strable proof  that  the  effect  was  a  consequence  of  such  a  theory. 
This  has  induced  me  to  endeavour  to  find  some  means  by  which 
the  power  of  lenses  having  their  foci  separated  could  be  com- 
pared with  those  in  which  they  coincide ;  and  I  have  contrived 
an  instrument  which  appears  completely  to  fulfill  this  purpose, 
and  several  others  not  less  useful. 

I  shall  now  proceed  to  describe  the  instmment  which  I  call  a 
Dyyiactinometer  (see  fig.  3),  its  object  being  generally  to  measure 
the  actinic  power  resulting  both  from  the  intensity  of  the  luminous 
radiation  and  from  the  construction  of  lenses.  It  consists  of  a 
thin  metallic  disc,  perfectly  black,  having  a  slit  extending  from 
its  centre  to  the  circumference,  fixed  on  an  axis  revolving  through 
a  fixed  metallic  disc,  perfectly  white.  The  white  disc  has  also  a 
slit  from  its  centre  of  the  exact  length  of  the  radius  of  the  black 
disc  ;  and  by  means  of  these  two  slits,  and  of  their  spiral  sur- 
faces, the  black  disc  can  intersect  the  white  disc,  and  by  re- 
volving, gradually  cover  the  whole  white  area.  The  space  of  the 
white  surface  on  which  the  black  disc  can  be  supci-posed  forms 
itself  a  sort  of  dial,  which  is  di\"ided  into  any  number  of  equal 
segments,  all  numbered.  I  have  adopted  the  number  of  twenty 
segments  for  a  large  circle  inscribed  on  the  dial,  and  of  eight 
segments  for  a  smaller  circle  inscribed  in  the  first.  The  first 
twenty  segments  are  numbered  in  simple  arithmetical  progression, 
and  the  eight  segments  in  geometrical  progression,  1,  2,  4,  8, 
16,  32,  64.     The  object  of  these  two  kinds  of  progression  will 
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presently  be  explained  ;  but  the  second  is  more  appropriate  to 
the  object  in  view. 

The  black  disc  may  be  made  to  revolve  in  such  a  manner  that 
it  shall  cover  a  new  segment  of  the  large  circle  during  each  second, 
or  any  other  equal  fraction  of  time.  By  that  means  the  last  seg- 
ment will  have  received  twenty  times  more  light  than  the  first, 
and  all  the  others  in  arithmetical  progression. 

Having  remarked,  in  the  description  I  have  given  of  the  pho- 
tographomcter,  that  the  difference  of  photogenic  intensities  are 
hardly  observable  when  they  follow  the  arithmetical  progression, 
for  which  reason  the  instrument  was  so  constructed  that  it  indi- 
cated the  intensities  in  the  geometrical  progression,  I  have  for 
the  same  reason  adapted  to  the  dynactinometer  another  circle 
divided  into  eight  segments.  The  first  segment  remains  always 
covered,  in  order  to  be  represented  black  on  the  Daguerreotype 
plate  and  mark  the  zero  of  intensity ;  the  second  is  exposed  to 
light  during  1",  the  third  during  2^',  the  fourth  during  4",  the 
fifth  during  8",  the  sixth  during  16",  the  seventh  during  32", 
and  the  eighth  during  64".  This  series,  which  could  be  ex- 
tended by  dividing  the  circle  into  a  greater  number  of  segments, 
is  quite  sufficient  for  all  observations  intended  for  practically 
measuring  the  intensity  of  the  photogenic  light,  and  for  com- 
paring the  power  of  object-glasses. 

The  instrument  is  made  to  move  by  applying  the  hand  on  a 
handle  fixed  on  the  back  at  the  extremity  of  the  axis  on  which 
the  disc  revolves.  An  operator  accustomed  to  count  seconds 
by  memory  or  by  following  a  seconds'  beater,  can  perfomi  the  ex- 
periment with  sufficient  regularity ;  but  in  order  to  render  the 
instrument  more  exact  and  more  complete,  it  can  be  made  to 
revolve  by  clock-work,  which  gives  it  at  will  either  the  arithme- 
tical or  the  geometrical  progression.  This  last  movement  pre- 
sented some  difficulty ;  but  I  have  been  able  to  obtain  it  without 
much  complication  in  the  machinoiy,  and  the  apparatus  is  within 
the  reach  of  the  greater  number  of  operators  having  establish- 
ments on  a  complete  footing. 

For  the  instrument  moving  by  hand,  it  is  necessary  that  a 
second  person  should  open  and  shut  the  object-glass  at  a  given 
signal.  But  in  adapting  before  the  object-glass  a  flap  connected 
with  a  cord  and  pulley,  the  operator,  holding  the  cord  in  the  left- 
hand,  can  open  the  flap  at  the  moment  that  with  the  right-hand 
he  makes  the  disc  revolve,  and  shut  the  apparatus  when  the  revo- 
lution is  complete. 

When  the  instiniment  acts  by  clock-work,  the  object-glass  may 
be  open  and  shut  by  the  same  means,  at  the  signal  given  by  a  bell 
which  strikes  at  the  commencement  and  at  the  end  of  the  revo- 
lution. 
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If  a  Daguerreotype  plate  receive  the  image  of  the  djiiactino- 
meter  during  its  revolution,  it  is  ob\-ious  that  each  segment  in- 
dicates an  effect  in  proportion  to  the  intensity  of  light  and  to 
the  time  that  it  has  remained  uncovered ;  also  that  the  number 
of  seconds  marked  on  the  fii'st  segment  \"isible  is  the  measure  of 
the  intensity  of  light  at  the  moment  of  the  experiment ;  the 
effect  of  each  segment  being  in  reality  the  degree  of  intensity 
which  can  be  obtained  during  the  corresponding  time. 

WTien  we  want  to  compare  two  object-glasses,  they  are  adapted 
to  two  camerje  obscui'se  placed  before  the  d^Tiactinometer.  After 
having  set  the  focus  of  the  two  apparatus,  they  are  charged  each 
with  a  Daguerreotype  plate  or  a  photogenic  paper.  "\Mien  all  is 
ready,  the  flaps  are  opened  at  the  moment  that  the  d}Tiactino- 
meter  commences  its  revolution,  and  they  are  shut  when  it  is 
completed.  Tlie  plates  are  removed  and  the  images  brought  out. 
In  comparing  the  result  produced  on  each,  it  is  easy  to  see  which 
object-glass  is  the  most  rapid,  and  in  what  proportion.  For 
instance,  if  the  arithmetical  progression  has  been  followed, 
and  on  one  of  the  plates  or  papers  the  number  4  of  the  great 
circle  is  the  fii'st  visible,  the  conclusion  is  that  it  has  been 
necessaiy  for  the  intensity  of  the  light  at  that  moment  to  operate 
dui'ing  four  seconds  in  order  to  produce  an  effect  in  the  camera 
obscura ;  and  if,  on  the  other  plate  or  paper,  the  first  seven  seg- 
ments have  remained  black,  and  the  eighth  segment  is  the 
fii-st  upon  which  the  hght  has  operated,  the  conclusion  will  be 
that  the  object-glass  which  has  produced  the  effect  on  the  tirst 
plate  or  paper  has  double  the  photogenic  power  of  the  other. 

But  if  the  geometrical  progression  has  been  followed,  the  same 
experiment  will  show  the  image  of  the  segment  No.  3  repre- 
sented on  one  plate,  and  that  of  the  segment  No.  4  on  the  other, 
as  ha\ing  each  the  first  degree  of  intensity ;  and  we  have  to  draw 
the  same  conclusion  as  regards  the  power  of  each  object-glass. 

However,  this  conclusion  would  be  exact  only  on  the  supposi- 
tion that  the  two  plates  were  endowed  with  the  same  degree  of 
sensitiveness ;  for  if  they  had  not  been  prepared  identically  in 
the  same  manner,  we  could  not  have  the  exact  measure  of  the 
comparative  power  of  the  two  object-glasses.  The  difference 
might  be  due,  not  to  any  difference  in  the  power  of  the  object- 
glasses,  but  to  the  inequality  in  the  sensitiveness  of  the  two 
plates ;  although,  in  repeating  the  experiment  several  times,  the 
mean  result  might  be  sufficiently  conclusive.  But  this  difficulty 
has  not  escaped  me,  and  I  have  tried  to  avoid  it.  Being  able, 
by  means  of  my  photographometer  (see  its  description,  Phil. 
Mag.  for  Nov.  1848),  to  compare  the  sensitiveness  of  two  plates 
under  the  action  of  the  same  intensity  of  light  and  dm-ing  the 
same  space  of  time,  I  avail  myself  of  this  instrument  to  deter- 
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mine  beforehand  the  comparative  sensitiveness  of  the  plates  which 
are  to  be  used  in  the  experiment  with  the  dynactinometer.  By 
this  means  I  can  try  beforehand  several  couples  of  plates,  and 
keep  them  as  it  were  stamped  with  their  degree  of  sensitiveness 
until  I  want  to  apply  them  to  test  the  power  of  two  lenses.  The 
impression  is  naade  on  one-half  of  the  plate,  leaving  the  other 
half  for  the  image  of  the  dynactinometer. 

After  having  operated  in  the  two  cameras  obscurse,  each  sup- 
plied with  the  lenses  the  power  of  which  I  wish  to  compare,  I 
submit  the  two  plates,  each  impressed  with  both  the  photogra- 
phonieter  and  dynactinometer,  to  the  vapour  of  mercury,  which 
developes  the  two  images  on  each  plate. 

The  number  of  spots  given  by  the  photographometer  will  in- 
dicate the  sensitiveness  of  the  plate ;  and  in  comparing  the  two 
images  given  by  the  dynactinometer,  accounting  for  the  differ- 
ence of  sensitiveness  of  each  plate,  if  there  is  any,  I  am  able  at 
once  to  determine  the  comparative  power  of  the  two  lenses. 

During  a  great  number  of  experiments,  I  have  observed  that 
the  power  of  the  two  lenses  is  not  always  in  the  same  ratio.  It 
appears  that  some  kind  of  light  affects  one  lens  more  than 
another ;  so  that  two  different  object-glasses,  compared  at 
various  times,  do  not  always  indicate  the  same  propoi'tion  in 
their  power. 

A  similar  and  as  extraordinaiy  an  anomaly  is  observed  in  com- 
paring the  power  of  different  parts  of  the  same  lens  through 
equal  apertures.  Generally,  a  given  aperture  on  any  extreme 
zone  of  a  lens  has  a  greater  photogenic  power  than  the  same 
aperture  on  the  centre  or  near  it ;  and  the  power  of  these  two 
different  parts  is  not  always  in  the  same  ratio,  although  each 
will  give  a  visual  image  of  the  same  intensity. 

Before  I  had  ascertained  this  fact,  I  had  observed  that  the 
use  of  diaphragms  reducing  the  aperture,  say  to  |,  \,  or  ^,  did 
not  always  reduce  the  photogenic  power  in  the  same  proportion. 
Sometimes,  if  I  was  able  to  obtain  an  impression  in  ten  seconds 
with  the  whole  aperture  of  the  lens,  I  had  no  effect  in  twenty 
seconds  when  using  a  diaphragm  reducing  the  aperture  exactly 
one-half. 

Having  mentioned  this  fact  to  several  photographers,  and 
particularly  to  Mr.  jMalone,  who  in  his  photographic  operations 
is  a  most  attentive  observer,  they  have  stated  to  me  that  they 
had  often  met  with  the  same  anomaly  in  the  Daguerreotype  as 
well  as  in  the  Talbotype  })rocesses.  I  have  been  struck  with  the 
analogy  existing  between  these  various  facts  and  my  experiments 
on  the  variation  in  the  distance  separating  the  two  foci,  and 
from  them  I  am  tempted  to  risk  an  hypothesis  for  the  explana- 
tion of  the  cause  of  that  variation. 
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In  comparing  the  diflference  between  the  two  foci  given  by 
rays  refracted  by  several  points  of  any  object-glass,  I  have  found 
that  the  difference  is  greater  for  the  parts  of  the  object-glass  the 
most  distant  from  the  centre.  This  must  be  due  to  the  imper- 
fection of  the  chromatic  correction,  which  imperfection  is  greater 
for  the  most  oblique  pencils  than  for  those  which  become  gra- 
dually more  parallel,  as  they  are  refracted  from  pai'ts  nearer 
the  centre  of  the  lens. 

There  is  a  certain  proportion  of  all  the  rays  of  the  spectrum, 
which,  when  combined,  possess  as  great  a  photogenic  power  as 
the  pure  insulated  photogenic  rays.  This  condition  happens 
when  the  atmosphere  is  pure  and  the  light  perfectly  white. 

In  these  circumstances,  the  proportion  of  yellow  rays  is  in  its 
minimum  compared  with  the  emission  of  photogenic  rays ;  and 
the  concentration  of  all  the  rays  on  the  same  point  gives  as  great  a 
photogenic  powder  as  the  pure  photogenic  rays  alone.  In  this  case 
the  centre  of  the  lens  will  operate  as  much  as  any  distant  point, 
where  the  photogenic  rays  are  more  dispersed  from  the  yellow. 

Then  the  two  foci  will  appear  the  most  separated,  because  the 
whole  aperture  \\\W.  contribute  to  the  formation  of  the  photogenic 
as  well  as  the  visual  image ;  the  photogenic  action  being  produced 
by  the  greatest  proportion  of  the  more  refrangible  rays,  which, 
by  the  over-correction,  have  become  less  refracted  than  the  visual 
rays. 

These  phsenomena  will  be  better  understood  if  we  consider, 
that  the  photogenic  space  of  the  spectrum  extends  from  the 
green  ray  and  considerably  beyond  the  violet,  and  that  the  same 
photogenic  space  is  longer  or  shorter  in  proportion  to  the  purity 
of  the  atmosphere.  Any  absorbing  causes,  at  all  events  those 
w'hich  obscure  the  atmosphere,  begin  first  to  neutralize  the  most 
refrangible  extremity ;  and  as  these  causes  increase  in  intensity, 
the  photogenic  space  is  gradually  reduced  in  follo^nng  the  dimi- 
nution of  refrangibility,  in  such  a  manner  that  the  violet  rays 
are  absorbed  before  the  indigo  rays,  and  these  last  before  the 
blue.  But  none  are  absorbed  all  at  once ;  they  are  gi-adually 
extinguished  as  the  absorbing  medium  becomes  thicker.  The 
photogenic  rays  are  subject  to  the  same  law ;  the  most  refran- 
gible part  disappears  the  first.  During  this  process  of  absorp- 
tion, the  mean  refrangibility  of  the  photogenic  space  so  reduced 
approaches  nearer  and  nearer  the  mean  refrangibility  of  the  visual 
rays ;  so  that  the  achromatism  of  the  whole  specti-um  becomes 
more  and  more  perfect  as  its  length  diminishes.  This  effect  is 
not  very  conspicuous  when  the  visual  rays  only  are  in  question ; 
but  when  three-fourths  of  the  long  photogenic  space  have  been 
absorbed,  it  is  evident  that  the  conditions  of  achromatism  must 
have  experienced  a  considerable  modification. 


486      M.  A.  Claudet  on  the  Dynactinometer,  an  Instrument 

The  extraordinary  length  of  the  photogenic  spectrum,  and  its 
various  degrees  of  refrangibiUty,  which  render  the  achromatism 
of  the  whole  very  difficult,  are  proved  by  anomalous  effects 
taking  ]dace  in  the  formation  of  the  photogenic  image.  All 
photographers  must  have  obsei-ved,  that  when  the  exposure  in 
the  camera-obscura  has  been  too  long,  if  the  whole  aperture  of 
the  lens  has  been  employed,  the  image  produced  is  rarely  very 
well  defined.  The  reason  of  it  is,  that  the  extreme  photogenic 
rays,  which  are  the  weakest,  have  been  brought  into  action,  and 
these  have  produced  a  confusion  by  their  dispersion  ;  but  had  the 
exposure  been  shorter,  these  extreme  rays  would  have  remained 
inactive,  and  the  definition  would  have  been  more  perfect. 

But  when  the  yellow  rays  predominate,  owing  to  media 
absorbing  a  proportion  of  the  most  refrangible  rays,  then  the 
central  part  of  the  lens,  from  which  the  yellow  rays  are  more  con- 
densed with  the  photogenic  rays,  will  have  less  power  on  account 
of  the  neutralizing  action  of  the  excess  of  yellow  rays.  In  this 
case  the  centre  will  operate  less  or  not  at  all,  and  the  foci  will 
be  the  less  distant,  because  the  visual  image  will  be  formed,  as 
before,  by  the  less  refracted  rays  from  the  whole  aperture,  and 
the  photogenic  image  by  a  smaller  proportion  of  the  most  refran- 
gible, which  would  have  become  less  refracted  than  the  visual 
rays  by  the  same  over-correction,  and  consequently  the  conver- 
gence of  the  whole  will  be  more  parallel.  All  absorbing  causes 
contract  the  length  of  the  spectrum  or  reduce  the  dispCTsion  of 
the  rays. 

In  lenses  having  their  photogenic  focus  longer  than  the  visual 
focus,  it  is  obvious  that  this  effect  is  produced  by  an  over-correc- 
tion of  the  photogenic  rays,  and  the  greater  or  less  separation  of 
the  two  foci  must  follow  the  law  1  have  just  described.  But  for 
lenses  in  which  the  over-correction  has  not  tak^  n  place,  and  with 
their  photogenic  focus  shorter  than  the  visual  focus,  the  same 
circumstances  which  separate  more  and  more  the  two  foci  in  the 
former  case  must  render  them  more  coincident  in  the  second. 
Other  circumstances  are  capable  of  modifying  that  phsenomenon 
in  several  ways. 

In  some  lenses,  owing  to  their  degree  of  chromatic  correction 
different  on  the  several  points  of  their  curvatiues,  the  same 
conditions  of  light  will  produce  different  effects ;  and  this  ex- 
plains the  anomaly  I  had  observed  in  my  first  memoii*,  that 
the  separation  of  the  two  foci  follows  different  and  even  contrary 
laws  in  different  lenses,  and  in  lenses  apparently  similar.  The 
colour  of  the  glass  itself  may  occasion  in  one  lens  a  greater 
absorption  of  certain  rays  than  in  another.  If  the  glass  of  one 
lens  absorb  more  or  less  photogenic  rays  than  the  other,  and 
by  its  colour  produce  more  or  less  yellow  rays,  these  last  will 
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neutralize  the  photogenic  action  in  the  centre  of  the  lens  in  a 
different  proportion. 

Therefore  two  different  lenses  of  the  same  curvatures,  and  of 
the  same  density  and  dispersion,  may  not  manifest  the  same 
degree  of  chromatic  correction ;  and  moreover,  the  chromatic 
correction  may  comport  differently  iu  each  glass  according  to  the 
variation  in  the  colour  of  the  light  combined  with  the  colour  or 
other  properties  of  the  glass  itself*. 

From  the  preceding  observations  it  follows,  that  the  colour  of 
the  glasses,  the  degree  of  their  chromatic  aberration  in  the 
several  points  of  the  lens,  may  produce  the  same  result ;  for 
according  to  the  chromatic  correction  of  these  various  points, 
more  or  less  yellow  rays  and  more  or  less  photogenic  rays  may 
be  concentrated  from  the  centre  to  the  circumference,  and  the 
neutralizing  action  of  the  yellow  rays  may  consequently  be 
greater  in  the  centre  of  one  lens  than  in  the  centre  of  another. 
Then  the  separation  of  the  two  foci,  in  two  object-glasses,  may, 
by  the  influence  of  the  same  light,  undergo  a  change  in  an  ano- 
malous direction. 

The  general  colour  of  light  in  different  climates  may  also 
modify  the  achromatism  of  the  photogenic  rays ;  and  for  this 
reason  the  two  foci  may  be  more  or  less  separated  in  Vienna  or 
Paris  than  in  London,  and  a  gi'eat  difference  may  be  observed 
in  using  the  same  lenses  in  Europe  or  in  America.  We  should 
therefore  be  exposed  to  great  eiTors  if  we  were  to  be  guided  by 
the  lixed  mode  of  compensation  incUcated  beforehand  on  the  tube 
of  the  object-glass;  and  it  is  impossible  to  dispense  with  ascer- 
taining frequently  the  exact  position  of  the  photogenic  focus  by 
means  of  the  focimeter. 

It  is  important  to  consider  that  the  mathematical  focus  exists 
only  for  one  plane ;  nevertheless  the  objects  placed  beyond  and 
within  that  plane  in  a  moderate  limit  can  be  represented  with 
sufficient  correctness.  It  is  therefore  possible  to  obtain  a  pass- 
able image  at  some  distance  from  the  mathematical  focus,  but  that 
distance  must  not  be  too  great.  In  taking  portraits,  the  object- 
glass  must  represent  at  the  same  time  parts  situated  iu  various 
planes,  in  an  interval  of  at  least  two  feet.  It  is  impossible  to 
have  an  exact  focus  for  all  these  parts ;  but  none  must  be  too 

*  Even'  one  must  have  observed  that  ven-  often  it  is  impossible  with  the 
best  object-glasses  to  obtain  on  the  ground  glass  a  well-defined  image ;  and 
that  at  other  times,  under  different  conditions  of  hght,  a  perfect  image  is 
easily  obtained.  It  is  so  with  the  photogenic  image ;  sometimes  every  seg- 
ment of  the  focimeter  appears  well-defined,  and  at  others  they  appear 
all  confused ;  consequently  there  are  some  days  when  it  is  impossible  to 
obtain  satisfactory"  residts,  and  others  when  we  succeed  every  time.  It  is 
therefore  evident  that  the  achromatism  of  object-glasses  experiences  inces- 
sant variations. 
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far  from  tliat  point.  If  the  mouth  or  eyes  are  at  the  mathe- 
matical focus,  the  paits  before  and  behind  this  plane  will  not 
have  the  same  degree  of  definition,  but  the  effect  will  be  tolerably 
good  for  all.  But  if,  without  altering  the  focus  of  the  object- 
glass,  we  move  the  sitter  forward  or  backward  in  such  a  manner 
that  the  mouth  and  eyes  will  be  in  the  plane  where  the  hands 
were  at  first,  or  in  the  plane  where  the  ears  and  arms  were 
before,  we  shall  still  have  the  face  pretty  well  defined ;  but  in 
the  first  case  the  hands,  and  in  the  second  the  ears  and  arms, 
will  have  lost  their  correct  forms.  The  nearer  the  apparatus  is 
to  the  object,  the  more  conspicuous  are  these  errors.  When  we 
operate  with  veiy  long  focus  object-glasses,  the  differences  are 
small,  because  the  rays  converge  to  the  focus  in  angles  less  open. 
"With  these  object-glasses  we  can  to  a  certain  degree  lose  the 
mathematical  focus  without  any  sensible  difference,  and  for  this 
reason  they  are  preferable  when  the  intensity  of  light  or  the 
sensitiveness  of  the  surface  permits  of  their  being  used. 

From  the  preceding  observations,  it  is  obvious  that  the  ope- 
rator must  always  know  the  mathematical,  focus  in  order  to  direct 
it  on  the  most  important  part  of  the  object,  but  not  too  far  from 
the  extreme  points. 

I  have  hesitated  a  long  time  to  offer  any  hypothesis  on  the 
cause  of  the  variation  between  the  two  foci.  I  was  in  hopes  that 
some  opticians,  or  persons  more  versed  than  I  am  in  the  mathe- 
matics of  the  science  of  optics,  would  take  up  the  subject,  inves- 
tigate it,  and  explain  the  cause  of  the  phsenomenon.  But  this 
subject  being  chiefly  interesting  to  photographers,  whose  atten- 
tion is  constantly  bent  in  observing  facts  of  the  most  puzzling 
kind  continually  interfering  with  the  success  of  their  difficult 
operations,  none  but  a  practical  photographer  in  the  course  of 
his  daily  occupations  can  have  the  time  and  opportunity  for  in- 
vestigating the  question. 

Philosophers  cannot  form  theories  without  facts ;  and  they  are 
generally  little  disposed  to  receive  those  upon  which  they  have 
not  experimented  themselves.  In  such  a  state  of  things  science 
is  stopped  in  its  progress,  and  no  improvements  are  possible. 
This  is  my  excuse  for  venturing  to  start  a  theoiy,  which  I  throw 
out  more  with  a  view  to  in\ite  a  useful  and  necessaiy  contro- 
versy, than  to  decide  the  point  in  a  positive  manner.  The  subject 
belongs  particularly  to  opticians,  who  have  to  construct  lenses 
for  photographic  purposes  ;  and  it  is  for  them  to  study  the  laws 
of  the  new  principle  they  have  to  deal  with.  Until  now  they  have 
employed  all  their  abilities  and  skill  in  forming  perfect  instru- 
ments free  from  spherical  and  chromatic  aberrations,  as  if  they 
had  to  construct  telescopes.  They  have  now  another  task  to 
perform :  a  good  telescope  might  produce  a  very  bad  photo- 
graphic camera,  and  a  good  camera  a  veiy  bad  telescope. 
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For  the  telescope,  the  question  is,  knowing  the  density  and 
dispersion  of  two  glasses  of  different  indices  of  refraction,  to 
combine  them  so  that  all  the  rays  prodncing  white  light  shall 
converge  to  the  same  point.  But  the  same  two  glasses  have  a 
dispersion  more  considerable  for  the  photogenic  rays  than  for 
any  others ;  the  indices  of  refi'action  of  these  photogenic  rays  are 
much  greater  than  any  rays  forming  white  light.  Therefore,  in 
the  construction  of  object-glasses,  opticians  must  determine  the 
curvatures  of  the  two  glasses  according  to  the  refraction  and 
dispersion  only  of  the  photogenic  rays,  without  regard  to  the 
refraction  and  dispersion  of  the  luminous  rays.  Lenses  made  by 
this  plan  will  probably  be  subject  to  a  considerable  chromatic 
abeiTation  for  the  visual  rays ;  they  may  not  give  a  very  well- 
defined  image  on  the  ground-glass,  but  certainly  they  will  pro- 
duce the  most  pei-fect  pictiu-es  on  the  photographic  surface  ; 
and  this  is  the  only  impoi*tant  point  for  a  photographer. 

Before  I  conclude,  I  shall  call  the  attention  of  physicists  to 
the  influence  which  may  be  exercised  on  the  achromatism  of 
photographic  object-glasses  by  the  polarization  of  light. 

AVTien  we  consider  that  light,  which  is  always  more  or  less 
polarized  according  to  the  state  of  the  atmosphere,  is  first  reflected 
at  various  angles  on  the  fii'st  surface  of  the  lens,  and  fi-om  thence 
is  to  be  refracted  through  four  different  thicknesses  of  glasses 
more  or  less  tempered  in  all  their  parts,  that  this  refraction  takes 
place  at  different  angles  for  every  point  of  the  surface,  it  may 
be  allowed  to  suppose,  that,  according  to  the  common  laws  of 
polarization,  certain  rays  will  be  extinguished,  sometimes  for  the 
points  distant  from  the  centre,  Avhich  must  modify  the  colour  of 
the  light  given  by  these  various  points,  and  consequently  exer- 
cise a  certain  influence  on  their  achromatism.  Then  the  two 
foci  may  be  more  or  less  separated,  for  the  same  reasons  which  I 
have  given  before. 

Not  having  yet  been  able  to  experiment  on  these  facts  suffi- 
ciently, I  now  offer  only  a  suggestion  which  appears  to  me  to 
deserve  serious  investigation,  and  W'hich  must  be  constantly  in 
the  mind  of  the  obseiTcr,  as  well  as  all  the  other  pliEenomena 
referring  to  light.  I  have  been  induced  to  believe  that  the  polari- 
zation of  light  exercises  a  certain  influence  on  the  achromatism 
of  object-glasses,  from  the  fact  that  when  I  use  a  prism  or  mirror 
for  reinverting  the  image,  it  often  happens  that  the  two  foci  are 
more  or  less  separated  than  when  I  operate  w^ith  the  same  light 
without  reflecting  the  image  of  the  object. 

I  must  add  another  obsen-ation.  Several  photographers,  par- 
ticularly amateurs,  who  generally  take  views  or  architectural 
pictures,  think  that  their  object-glasses  are  not  subject  to  any 
separation  of  the  two  foci,  and  consequently  to  no  variation. 
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This  is  true  when  they  operate,  as  they  do,  considerably  reducing 
the  aperture  of  their  object-glasses  by  very  small  diaphragms, 
because  in  this  case  all  the  rays  are  nearly  parallel,  and  the  small 
difference  which  can  exist  is  imperceptible ;  but  let  them  operate 
without  diaphragms  upon  near  objects,  and  they  will  soon  find 
that  their  object-glasses  cannot  give  very  distinct  images  without 
having  regard  to  the  question  of  the  photogenic  focus. 

It  may  be  clearly  demonstrated,  by  an  easy  experiment  well 
known  in  optics,  that  the  adaptation  of  diaphragms  before  the 
aperture  of  object-glasses,  by  intercepting  oblique  rays,  has  the 
effect  of  representing  objects  situated  in  various  planes  with  as 
much  distinctness  as  if  they  were  in  the  plane  giving  the  mathe- 
matical focus. 

If  we  make  a  pin-hole  in  a  card,  both  short-  and  long-sighted 
persons  can  through  this  hole  read  distinctly  a  book  placed  at 
an  equal  distance  from  their  eyes ;  and  they  can  move  the  book 
backwards  and  forwards  from  the  point  of  their  vision  without 
losing  the  correct  form  of  the  types.  This  sort  of  diaphragm  does 
not  change  the  focus  which  nature  has  given  them ;  but  it  ex- 
tends it  by  only  allowing  parallel  rays  to  proceed  to  the  retina. 

It  is  so  with  regard  to  object-glasses,  the  chromatic  aberration 
of  which  is  destroyed,  or  rather  rendered  imperceptible,  by  the 
use  of  diaphragms  of  very  small  apertures.  For  this  reason,  a 
camera  obscura,  one  of  a  common  description,  can  at  once,  with 
equal  distinctness,  represent  objects  situated  in  near  and  distant 
planes.  This  effect  is  well  illustrated  in  those  beautiful  views 
taken  on  plates  or  paper  by  all  kinds  of  object-glasses,  such 
as  those  produced  in  Paris  from  the  house  of  M.  Lerebours  on 
the  Pont  Neuf,  in  which  the  statue  of  Henry  IV.,  situated  as 
near  as  twenty  or  thirty  paces  from  the  house,  is  as  clear  and 
distinct  as  the  long  palace  of  the  Tviileries,  all  the  bridges  in  suc- 
cession on  the  Seine,  and  all  the  buildings  which  for  a  consider- 
able length  cover  the  two  opposite  quays. 

If  all  the  visual  foci  can  coincide  for  distances  so  considerable, 
it  is  not  siu'prising  that  the  photogenic  foci  themselves  should 
coincide  with  the  visual  foci.  Therefore,  if  all  photographic 
0])erations  could  be  performed  with  object-glasses  liaNing  their 
apertures  sufficiently  reduced,  the  problem  of  the  two  foci  would 
be  resolved,  and  we  need  not  trouble  ourselves  about  the  question 
relating  to  their  coincidence  or  separation.  But  the  case  is  veiy 
different  when  we  have  to  take  portraits.  For  this  operation  we 
require  the  greatest  rapidity  ;  and  as  the  power  of  object-glasses 
is  in  ratio  of  their  surface,  the  optician  has  to  adopt  cm-vatures 
which  allow  the  greatest  apertures  possible  to  be  employed.  It 
is  then  that  the  differences  between  the  two  foci  and  their  con- 
stant variations  are  manifested  in  the  highest  degree. 
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LXIX.   On  Symbolical  Statics.    By  the  Rev.  M.  O'Brien,  M.A., 

Professor  of  Natural  Philosophy  and  Astronomy,  Kind's  Col- 
lege,  London,  late  Felloiv  of  Caius  College,  Cambridge'^. 

Various  applications  of  the  notation  ('(1+m)U^  which  represents 
a  force  U  acting  at  the  point  nof  a  rigid  body. 

(I.)  'T^HE  principles  upon  which  this  notation  is  fovmded  have 
A  been  briefly  stated  in  the  fonner  paper.  U  is  supposed 
to  represent,  in  magnitude  and  direction,  any  force  acting  upon 
a  rigid  body  at  a  certain  point  (0),  which  is  chosen  as  origin  of 
distances;  u  denotes,  in  magnitude  and  direction,  the  distance 
of  any  other  point  P  of  the  rigid  body  from  0 ;  and  it  has  been 
shown,  that  the  sjTubol  of  the  force  U  acting  at  P  is 

(1+m)U: 

which  expression  consists  of  two  parts,  namely,  U  and  uV ;  the 
former  denoting  the  mechanical  effect  which  the  force  U  acting 
at  0  produces  on  the  rigid  body,  and  the  latter  the  effect  pro- 
duced by  translating  U,  without  alteration  of  magnitude  or  direc- 
tion, from  0  to  P.  In  fact  wU  denotes  the  couple  consisting  of 
the  forces,  —  U  acting  at  0,  and  U  acting  at  P. 

(II.)  The  application  which  I  made  of  the  notation  (1  +w)U  in 
the  fonner  paper  manifestly   assumes  that  parallel  and  equal 
translations  of  parallel  and  equal  forces  are  mechanically  equiva- 
lent ;  that  is,  that  if  the  line  AB  and  the 
force  U  be  respectively  parallel  and  equal 
to  the  line  A'B'  and  the  force  U',  then  the 
translation  of  U'  from  A'  to  B'  produces 

the  same  mechanical  effect  as  the  transla-  ^*'^^ 

tion  of  U  from  A  to  B.    It  is  easy  to  see 
that  this  amounts  to  assuming,  that  two  ^ 

equal  parallel  forces  produce  the  same 

effect  on  a  rigid  body  as  their  sum  acting  midway  between  them. 
For,  let  C  be  the  intersection  of  AB'  and  A'B ;  then,  if  U  be 
translated  from  A  to  B,  we  shall  have  U  at  B  and  U'  at  A',  which 
produce  the  same  effect  as  U  +  U'  at  C  :  again,  if  instead  of  U 
we  translate  U'  in  a  similar  way,  that  is,  from  A'  to  B',  we  shall 
have  U  at  A,  and  U'  at  B',  which  produce  the  same  effect  as 
U  +  U'atC.  It  appears,  therefore,  that  the  translation  of  U 
from  A  to  B  and  that  of  U'  from  A'  to  B'  produce  the  same 
effect,  because  in  both  cases  the  change  produced  is  equivalent 
to  making  the  two  forces  act  at  C. 

(III.)  The  following  is  a  mode  of  pro^•ing  the  truth  of  the  sym- 
bolization  (1  +w)U,  without  introducing  the  idea  of  translation. 

Assuming  that  U  represents  a  force  acting  at  the  origin,  and 
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<f>{nV)  a  parallel  and  equal  force  acting  at  a  point  tohose  distance 
from  the  origin  is  n,  it  is  required  to  determine   the  form  of  the 
function  ff).     In  what  follows  I  attach  the  usual  signification  to 
u  +  n',  and  by  (p{uV')  +<f){u'\J')  I  mean  the  mechanical  effect  which 
is  produced  upon  the  rigid  body  by  the  simultaneous  action  of 
the  forces  U  and  U'  acting  at  the              ^                      ^. 
points  u  and w'  respectively.  U  +  U'            V,                           ^^\ 
means  the  resultant  of  U  and  U',     ^       \                   ir       \ 
or  the  mechanical  effect  produced     \         \                V         * 
by  U  and  U'  acting  at  the  same      'X         \?_ \ }^j? 

It  is  immediately  obvious  that  \  /    _^-^'^^'      \  / 

</>(«u)+<^(mU')=</>(m,u+u').         r^^^ — IT' C 

Hence  ^  is  distributive  as  regards  U,  and  we  may  therefore  put 

<f>{uV)=(<f>{u)y:. 

Again,  suppose  the  two  parallel  and  equal  forces  UU  to  act  at 
B  and  C  respectively,  0  being  the  origin,  OB  =  ?/,  OC  =  u' :  then 
it  is  clear  that  these  two  forces  produce  the  same  effect  as  U  at 
D  and  U  at  0  (BD  and  CD  being  parallel  to  OC  and  OB)  : 
hence,  expressing  this  by  the  assumed  notation,  we  find 

(<^(w))U  +  (<^K))U  =  (<f>(rj  +  ?/))U  +  U ; 
therefore 

<^(w)+(^(w')  =  <^(«  +  ?/)-|-l, 
or 

{cf>{u)-l}  +  {4>{u')-l}  =  {<f>{u  +  u')-l]. 

^^lienee  it  appears  that  the  function  (f){u)  —1  is  distributive ;  and 
therefore,  by  properly  assuming  the  units,  we  may  put 

(f){u)  —  l=u,  or  (f>{u)  =  1  +  M. 
Hence 

<f>{uV)  =  {l  +  u)V; 

or  the  mechanical  effect  produced  by  a  force  U  acting  at  the 
point  u  is  represented  by  the  symbol  (1  +  u)V. 

(IV.)  Hence,  if  a  and  ^  be  two  units  of 
length,  and  A  and  B  two  units  of  force 
acting  at  the  origin  (0)  in  the  same  di- 
rections as  those  of  a  and  y8,  we  may  show 
that 

«A  =  0,     /9B  =  0; 
and 

/SA=-aB. 

For,  let  OQ  =  a,  0?  =  /S,  and  complete  the  parallelogram 
OPllQ  :  then,  since  A  may  be  supposed  to  act  at  Q  instead  of  0, 
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we  have 

A  acting  at  Q  =  A  acting  at  0 ; 

or,  svmbolicallv, 

(1+«)A=A, 
whence 

«A  =  0; 

and  in  like  manner  we  may  show  that  /SB  =  0. 

Again,  the  resultant  of  the  equal  forces  A  and  B  acts  along 
the  line  bisecting  the  angle  POQ,  that  is,  along  the  line  joining 
O  and  R  ;  therefore  we  may  suppose  A  and  B  to  act  at  R  Id  stead 
of  0,  or,  what  is  the  same  thing,  we  may  suppose  B  to  act  at  Q, 
and  A  at  B  :  hence 

A  acting  at  P  +  B  acting  at  Q=A  and  B  acting  at  0, 
or 

(1+/S)A+(1+«)B  =  A  +  B, 
whence 

)8A  +  aB  =  0,  or/3A=-aB. 

(Y.)   Symbolical  Proof  of  the  Parallelogram  of  Forces. 
Let  XA,    YB,  and  ZC  be 
three  forces  acting  at  0  and 
balancing    each    other,    ABC 
being  units  of  force  acting  in 
these     three    cUrections,    and 
XYZ  mere   numbers :    let    a, 
/9,  7  be  three  units  of  leng-th 
respectively  parallel  to  A,  B, 
and  C   respectively,   and  aa,   y/3,  zy  the   sides   of  a    triangle 
formed  by  lines  di-awn  parallel  to  these  three  dii-ections,  xyz 
being  mere  numbers  :  then,  since  76  =  0  (by  TV.),  we  have 

(.-7)(ZC)=.^Z(7C)=0r 
but 

a;x+y^  +  zy  =  0,  and  .-.  zy=—{j:ca.  +  y^) 
and 

XA  +  YB  +  ZC  =  0,  and  . • .  ZC  =  -  (XA  +  YB) . 

Hence  the  equation  (2'7)(ZC)  =  0  becomes 

(.r«  +  y/3)(XA  +  YB)=0. 
\Yhence,  since  «A  =  0,  ySB  =  0,  and  «B=  -/3A  (by  B^),  we  find 

(a^Y-yX)«B  =  0, 
and 

.-.  ciY'  — //X  =  0,  or  X  :  Y  : :  x  :  y. 

In  this  way  it  is  clear  that 

X:Y:Z.::i:y:z, 
which  is  virtually  the  parallelogram  of  forces. 
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(VI.)  It  is  important  to  obseiTc,  that  the  sign  +  between  two 
lines  has  quite  a  different  signification  from  the  same  sign  be- 
tween two  forces,  u  +  u'  represents  the  change  of  position  pro- 
duced in  a  tracing  point  by  causing  it  to  describe  the  lines  u  and 
u'  in  succession,  while  U  +  U'  means  the  mechanical  effect  pro- 
duced by  the  two  forces  U  and  U'  acting  simultaneously  at  the 
same  point,  u  +  u'  may  be  called  a  geometrical  sum,  and  U  +  U' 
a  mechanical  sum.  It  is  easy  to  see  that  the  parallelogram  of 
forces  amounts  to  this,  viz.  that,  if  u  and  u'  represent  U  and  U' 
respectively,  u  +  u'  will  represent  U  +  U'.  Hence  the  parallelo- 
gram of  forces  is  a  theorem  which  identifies  the  results  of  geo- 
metrical and  mechanical  addition.  This  suggests  the  necessity 
of  caution  in  attempting  to  prove  the  parallelogram  of  forces 
symbolically ;  for  it  is  clear  that  the  proof  must  be  vitiated  by 
any  tacit  assumption  of  the  equivalence  of  geometrical  and  me- 
chanical addition.  If  I  mistake  not,  an  error  of  this  kind  appears 
to  exist  in  some  symbolical  proofs  which  have  been  given  of  this 
theorem. 

(VII.)  To  find  the  resultant  of  two  parallel  forces  symbolically. 
Let  XA  be  one  of  the  forces  acting  at  0,  and  X'A  the  other 
acting  at  P,  OP  being  denoted  by  u ;  then  the  mechanical  effect 
of  the  two  forces  is 

XA+(1+m)X'A, 


or 


0+xTX'")^^^^+^'^^- 


Now  this  represents  a  force   XA  +  X'A  acting  at  the  point 

X' 
r:^ — ^f  u ;  that  is,  a  parallel  force  equal  to  the  sum  of  the  two 

X  +  A. 

forces  acting  at  a  point  of  the  line  u  which  divides  it  in  the  in- 
verse ratio  of  X  to  X'. 

(VIII.)  To  find  the  resultant  of  any  set  of  parallel  forces  symbo- 
lically. 

Let  XA,  X'A,  X"A,  &c.  be  the  parallel  forces,  and  u,  u',  u", 
&c.  the  distances  of  their  respective  points  of  application  from 
the  origin ;  then  the  mechanical  effect  of  these  forces  is 

(1  +  m)XA  +  (1  +  z^')X'A  +  (1  +  m")X"A  +  &c., 
or 

V+      X  +  X'  +  X"  +  &c.     ;(^A  +  X'A  +  X"A  +  &c. 

Hence  the  resultant  is  a  force  SXA  acting  at  the  point  whose 
distance  from  the  origin  is 

XXm 

"sx- 
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This  expression  includes  the  ordinary  formulae  for  the  centre 
of  parallel  forces;  for  if  we  put  for  uits  value  xa  +  y/S  +  zy,  and 
similar  values  for  u',  u",  kc,  we  lind 

2Xu  _  iXx         2Xy  SX^ 

"SX  IT""^   2X  ^        2X  '^' 

whence  the  coordinates  of  the  point  of  application  of  the  result- 
ant are  manifestly  those  given  by  the  ordinaiy  formulae  for  the 
centre  of  parallel  forces. 
King's  College, 
May  7,  1851. 

[To  be  continued.] 


LXX.  On  the  Rotation  caused  by  Electncity  developed  by  Friction. 
By  E.  F.  August*. 

WHEN  a  freely  suspended  magnetic  needle  is  brought  near 
the  revolving  disc  of  an  electric  machine  the  needle  vi- 
brates, and  after  a  few  oscillations  to  and  fro  commences  to  rotate. 
Instead  of  the  magnetic  needle,  a  needle  of  any  conducting  material 
may  be  used  with  the  same  result.  The  rotary  motion  of  the  needle 
is  opposed  to  that  of  the  disc,  that  is  to  say,  the  point  of  the 
needle  moves  in  a  dii-ection  opposite  to  that  of  the  adjacent  par- 
ticles of  the  disc.  Hence  the  rotation  above  the  a^s  is  the  re- 
verse of  that  below  it.  At  the  same  height  as  the  axis  of  the 
disc  no  rotation  occurs  at  either  side  of  it,  and  when  the  needle 
on  being  raised  upward  passes  this  position,  its  previous  mo- 
tion is  arrested,  and  a  motion  in  the  opposite  direction  is  esta- 
blished. 

The  resiJts  thus  described  exhibit  themselves  with  a  machine 
provided  with  one  rubber  at  the  same  height  as  the  axis  round 
which  the  vertical  disc  turns.  They  appear  with  most  regularity 
when  the  conductor  is  removed,  but  vanish  altogether  if  the 
rubber  also  be  taken  away.  The  experiment  succeeds  better 
when  the  needle  is  isolated.  With  other  arrangements  of  the 
machine  divergent  results  are  obtained,  which,  however,  are  easily 
explained  by  reference  to  the  origin  of  the  pheenomena. 

We  have  here  to  do  with  the  electric  attraction  of  the  disc 
alone.  This  attraction  is  not  greatest  in  the  direction  of  the 
perpendicular  from  the  centre  of  the  needle  upon  the  disc,  but 
in  an  oblique  direction,which  points  towards  the  advancing  por- 
tions of  the  disc.  These  portions  have  quitted  the  rubber  later, 
and  therefore  possess  a  more  lively  electricity  than  the  parts  im- 
mediately opposite  to  the  end  of  the  needle.  Hence  during  the 
revolution  of  the  disc  we  have  an  electric  pull  directed  obliquely 
against  the  surface,  which  becomes  stronger  as  we  approach  the 
*  Translated  from  PoggendorfF's  Annalen,  vol.  L\xxi.  p.  3\5. 
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latter ;  in  this  manner  the  above-mentioned  rotation  follows  with 
the  same  necessity  as  the  rotation  of  a  wheel  immersed  in  a 
stream  which  llows  more  strongly  below  than  above. 

That  this  is  the  correct  explanation  is  ])roved  by  observing 
the  phsenomena  in  the  dark.  An  incomplete  luminous  circle  is 
then  exhibited,  which  consists  of  two  equal  and  opposite  arches. 
One  of  these  arches  is  caused  by  the  light  which  accompanies 
the  outflow  of  negative  electricity.  In  consequence  of  the  rapid 
motion  of  the  disc,  the  luminous  red  point  ajjpcars  as  a  con- 
tinuous luminous  arc.  The  opposite  point,  which  at  the  same 
time  gives  off  positive  electricity  with  a  yellowish  diffusive  light, 
originates  the  other  arch  in  a  similar  manner ;  the  latter  appear- 
ing duller  and  wider  than  the  former.  The  line  which  goes 
through  the  middle  of  both  arches  and  the  centre  of  the  needle 
is  uot  perpendicular  to  the  disc,  but  obliquely  inclined  towards 
its  advancing  particles.  This  line  denotes  the  direction  of  max- 
imum attraction. 

The  experiments  succeed  best  when  the  disc  has  been  tranquil 
for  some  time  previous,  and  the  surrounding  air  not  too  highly 
electrified  by  the  rapid  motion.  That  a  violent  motion  of  the 
disc  should  cause  an  irregular  friction,  and  thereby  an  irregular 
distribution  of  electricity  o\'er  the  surface,  which  in  its  turn 
might  affect  the  purity  of  the  experiment,  is  easily  conceivable. 
The  most  suitable  distance  of  the  needle  must  be  determined  by 
experiment.  By  observing  these  conditions  the  rotation  may 
be  exhibited  at  any  time  without  difficulty.  The  same  phseno- 
menon  can  be  exhibited  with  a  cylindrical  conductor,  at  the 
extreme  end  of  which  the  outflow  of  electricity  by  points  is 
effected. 


LXXI.  Notices  respecting  Neiv  Books. 

An  Introduction  to  the  Atomic  Theory .  5y  Charles  Daubexy,  M.D., 
F.R.S.,  SfC,  Professor  of  Chemistry  and  Botany  in  the  University  of 
Oxford. 

/CONSIDERING  the  vast  importance  of  the  doctrine  of  definite 
^-^  proportions,  very  commonly  termed,  as  in  the  present  work, 
the  Atomic  Theory,  fewer  publications  directly  and  exclusively  expla- 
natory of  the  subject  have  appeared  than  might  have  been  expected; 
and  Dr.  Daubeny  has  laid,  not  merely  the  tyro  in  chemistry  under 
obligation,  but  many  well  acquainted  with  the  leading  facts  of  che- 
mical science,  by  ])resenting  them  with  this  publication. 

In  his  dedication  of  the  work  to  the  memory  of  John  Dalton,  the 
author  has  accurately  described  the  doctrine  in  question  as  "  a  theory 
with  respect  to  the  mode  of  combination  between  bodies,  which  stands 
foremost  among  the  discoveries  of  the  present  age  for  the  universality 
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of  its  applications,  and  the  importance  of  its  practical  results."  Dr. 
Daubeny  commences  his  Avork  with  detailing  the  opinions  of  the  most 
renowned  of  the  ancient  philosophers  with  respect  to  the  constitution 
of  matter,  and  he  traces  back  these  opinions  to  the  Egyptians  and 
Indians ;  the  epicurean  doctrines  are  next  described  at  some  length 
under  the  name  of  "  the  atomic  philosopliy  of  Epicurus"  in  a  quo- 
tation from  Dr.  Good  ;  the  system  of  Anaxagoras  follows,  and  after- 
wards the  notions  of  the  Pythagoreans,  Plato  and  Aristotle. 

Dr.  Daubeny  concludes  the  sketch  which  he  has  drawn,  but  which 
our  limited  space  will  not  allow  us  to  quote,  with  observing  that 
"  the  brief  outline  of  the  dogmas  entertained  by  the  philosophers  of 
antiquity  on  the  constitution  of  matter  may  be  sufficient  to  convince 
us  how  complete  a  division  of  opinion  existed  on  the  subject ;  and 
if  without  heeding  the  authority  of  names,  we  regard  only  the  argu- 
ments alleged  in  support  of  either  side,  we  shall  find  perhaps  an 
equal  difficulty  in  arriving  at  any  decision." 

Omitting  for  the  present  to  notice  the  subjects  treated  of  in  Dr. 
Daubeny's  second  and  third  chajjters,  we  shall  briefly  notice  some 
statements  contained  in  the  fourth  chapter  "  On  the  Existence  of 
Atoms;"  he  observes,  that  "  if  matter  were  infinitely  divisible,it  would 
seem  that  a  substance  could  not  be  made  up  of  particles  at  all  times 
the  same  in  point  of  size  and  figure;"  and  further,  "  if  matter  be 
infinitely  divisible,  no  reason  can  be  assigned  why  bodies  should 
unite  in  certain  proportions  and  not  in  others ;  we  should  rather 
expect,  that,  as  their  smallest  conceivable  portions  diflFer  in  quantity 
only,  and  not  in  qualit)'',  from  the  largest,  the)'  should  all  possess 
the  same  affinities  ;  and  that  consequently  the  number  of  combina- 
tions taking  place  between  different  substances  should  be  as  infinite 
as  are  the  parts  into  which  they  themselves  admit  of  being  separated." 

"  Such,  indeed,"  continues  Dr.  Daubeny,  "  was  the  opinion  of 
BerthoUet,  who  contended  that  bodies  have  in  reality  an  equal  ten- 
dency to  combine  in  any  proportions  whatever."  This  allusion  to 
BerthoUet,  and  his  doctrine  of  compounds  of  unlimited  quantities, 
recalls  an  observation  which  struck  us  in  reading  Dr.  Daubeny's 
history  of  the  contributions  to  the  atomic  theory,  which  is,  that  he 
does  not  allude  to  the  name  and  labours  of  Proust,  who  strenuously 
contended  with  BerthoUet  that  combinations  are  limited  in  the  pro- 
portions of  their  constituents.  In  justice  to  the  memory  and  labours 
of  Proust,  we  shall  make  a  quotation  from  Dr.  Thomson's  History 
of  Chemistry,  and  Berzelius's  Chemistry. 

"Another  opinion  brought  forward  by  BerthoUet  in  his  work  was 
of  a  startling  nature,  and  occasioned  a  controversy  between  him  and 
Proust  which  was  carried  on  for  some  years  with  great  spirit,  but 
with  perfect  decorum  and  good  manners  on  both  sides.  BerthoUet 
affirmed  that  bodies  were  capable  of  uniting  with  each  other  in  all 
possible  proportions,  and  that  there  is  no  such  thing  as  a  definite 
compound,  unless  it  has  been  produced  by  some  accidental  circum- 
stances, as  insolubility,  volatility,  &c.  Thus  every  metal  is  capable 
of  uniting  with  all  possible  doses  of  oxygen.  So  that  instead  of  one 
or  two  oxides  of  every  metal,  an  infinite  number  of  oxides  of  each 
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metal  exist.  Proust  affirmed  that  all  compounds  are  definite.  Iron, 
says  he,  unites  with  oxj'gen  only  in  two  proportions ;  we  have  either 
a  compound  of  3'5  iron  and  1  oxygen,  or  3*5  iron  and  lo  oxygen. 
The  first  constitutes  the  black,  and  the  second  the  red  oxide  of  iron  ; 
and  beside  there  is  no  other.  Every  one  is  now  satisfied  that  Proust's 
view  of  the  subject  was  correct,  and  BerthoUet's  erroneous." — Vol.  ii. 
p.  162.  The  following  is  quoted  from  Berzelius  (vol.  iv.  p.  491) : — 
"Proust  demontra  que  les  metaux  ne  produisent,  avec  le  soufre 
comme  avec  I'oxygfene,  qu'une  ou  deux  combinaisons  dans  des  pro- 
portions fixes  et  invariables,  tons  les  degres  interraediaires  qu'on  avait 
cru  observer  n'etant  en  efFet  que  des  melanges  de  deux  combinaisons 
a  proportions  fixes.  Proust  observa  que  le  passage  d'un  degr6  d'oxy- 
dation  a  I'autre  se  faiti)ar  des  sauts  determines  d'une  quantite  d'oxy- 
g^ne  a  I'autre ;  il  essaya,  pour  quelques  oxydes,  d'en  evaluer  la 
grandeur,  et  s'il  avait  pu  alors  executer  des  analyses  bien  exactes, 
le  rapport  des  multiples  ne  lui  aurait  pas  echappe." 

While  on  the  subject  of  priority  of  discovery,  we  will  notice  a  case 
in  which  Dr.  Daubeny  does  not  seem  to  be  aware  who  was  the  ori- 
ginal propounder  of  the  doctrine,  that  aether  is  an  oxide  of  aethyle. 
It  was  first  suggested  by  Sir  R.  Kane  in  January  1833,  and  he  gave 
the  supposed  organic  radical  the  name  of  cethereum  ;  a  similar  view 
was  soon  afterwards  promulgated  by  Berzelius. 

It  was  our  intention  to  have  made  some  further  extracts  from  the 
work  now  under  consideration,  and  to  have  accompanied  them  with 
observations  in  illustration  of  its  utility  ;  the  length,  however,  to 
which  our  remarks  have  already  extended  precludes  any  considerable 
addition  to  what  we  have  already  stated,  except  that  we  cordially 
recommend  the  work  as  a  lucid  exposition  of  the  atomic  theory  and 
its  various  ramifications,  and  as  calculated  to  impart  clear  ideas  on 
a  subject,  the  intricacy  of  which  is  equalled  only  by  its  importance. 
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Feb.  27,  1851.— Sir  Frederick  Pollock,  V.P.,  in  the  Chair. 

I    lEUT.-COLONEL  SABINE'S  paper,  entitled  "  On  Periodical 

-^-^  Laws  discoverable  in  the  mean  effects  of  the  larger  Magnetic 
Disturbances,"  commenced  at  the  previous  meeting  (Feb.  20),  was 
concluded. 

In  a  discussion  of  the  two-hourly  observations  of  the  magnetic 
declination,  made  in  1841  and  1 842  at  the  observatories  of  Toronto 
and  Hobarton,  published  in  1843  and  1845,  the  author  expressed  an 
opinion  that  themagneticdisturbances,of  largeamouutand  apparently 
irregular  occurrence,  commonly  called  magnetic  storms  or  shocks, 
would  be  found,  when  studied  in  their  mean  effects  on  the  magnetic 
direction  and  force  extending  over  a  sufficient  period  of  time,  to  be 
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subject  to  periodical  latvs,  connecting  them  with  the  seasons  of  the 
year  and  the  hours  of  the  day  at  the  particular  stations. 

In  preparing  for  the  press  the  hourly  observations  of  the  declina- 
tion in  the  years  ISVd,  ISil  and  184-5,  at  the  same  two  stations,  the 
author  found  his  previous  opinions  strongly  confirmed ;  and  be- 
lieving that  the  evidence  thus  obtained  of  periodical  laws  is  far  too 
systematic,  and  rests  on  a  series  of  too  long  duration  to  make  it  pro- 
bable that  it  will  be  otherwise  than  confirmed  by  the  continuation  of 
the  observations  in  subsequent  years,  he  has  been  induced  to  make  it 
the  subject  of  a  communication  to  the  Royal  Society  ;  although  it  is 
probable  that  the  exact  periods,  and  the  mean  numerical  values  of 
the  effects  produced,  or  their  proportions  to  each  other  in  the  dif- 
ferent seasons  and  at  the  different  hours,  may  hereafter  receive 
modifications. 

The  disturbances  which  are  the  subject  of  this  investigation 
have  two  leading  characteristics, — 1st,  the  irregularity  of  their 
occurrence,  many  days  together  frequently  passing  without  any 
trace  of  them  being  discoverable ;  and  2nd,  the  large  amount  of 
deviation  from  a  mean  or  normal  position,  to  which  the  needle  is 
subject  during  their  continuance.  It  is  this  last  feature  which  has 
led  to  their  general  recognition,  and  to  the  establishment  of  the  fact, 
that  when  they  take  place  their  influence  usually  extends  simul- 
taneously, or  nearly  so,  over  all  parts  of  the  globe  at  which  observa- 
tions have  been  made.  The  same  feature  still  affords  their  best  and 
most  convenient  distinguishing  mark. 

Availing  himself  of  this  characteristic,  the  author  separated  from 
the  whole  mass  of  hourly  observations  in  the  three  years  at  both 
stations  a  sufficient  portion  of  disturbed  observations  to  form  an 
adequate  basis  for  investigation.  The  portion  thus  separated  con- 
sisted at  Toronto  of  the  1650  largest  deviations  of  the  declination 
magnet  from  its  mean  position  ;  the  whole  number  of  hourly  observa- 
tions in  the  same  period  being  22,376,  and  the  proportion  therefore 
being  1  in  13"6;  and  at  Hobarton  of  the  l^TQ  largest  deviations, 
the  whole  number  being  21,436,  and  the  proportion  1  in  14'"5.  Of 
the  1650  disturbed  observations  at  Toronto,  472  were  in  1843,  612 
in  1844,  and  566  in  1845.  Of  the  1479  disturbed  observations  at 
Hobarton,  415  were  in  1843,  562  in  1844,  and  502  in  1845.  Whence 
it  appears,  that  at  both  stations,  situated  as  they  are  in  opposite 
hemispheres  and  nearly  at  opposite  points  of  the  globe,  1843  was 
the  least  disturbed  year  of  the  three,  and  1844  the  most  so.  Takino' 
the  number  in  1845  as  unity,  the  numerical  proportions  at  each 
station  are  as  follows : — 

Toronto.  Hobarton. 

1843 0-84       0-83 

1844 1-08       1-12 

1845 1-00       1-00 

This  accordance,  and  the  fact  that  the  separated  disturbed  observa- 
tions in  these  years  occurred  for  the  most  part  on  the  same  dajs  at 
the  two  stations,  are  noticed  as  corroborating  the  conclusions,  de- 
rived from  former  investigations,  of  the  character  of  these  disturb- 
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ances  as  affecting  contemporaneously  the  most  distant  parts  of  the 
globe. 

Several  tables  are  given  containing  the  distribution  of  the  sepa- 
rated observations, — 1st,  into  the  several  months,  and  2nd,  into  the 
several  hours,  of  their  occurrence,  the  hours  being  those  of  local 
time.  This  is  done,  first,  in  regard  to  the  fiiwiber  of  disturbed  ob- 
servations in  the  several  months  and  hours;  a  separate  account  being 
taken  of  those  which  are  easterly,  and  of  those  which  are  westerly 
deflections;  and  second,  in  regard  to  the  ?nea7i  numerical  values  of 
the  deflections  at  the  different  hours,  distinguishing  easterly  and 
westerly,  and  taken  on  a  daily  average  throughout  the  year.  The 
results  of  this  analysis  are  carefully  stated  ;  and  are  conclusive,  in 
the  author's  opinion,  in  manifesting  the  existence  of  periodical  laws 
in  the  times  of  occurrence  and  in  the  effects  of  the  larger  disturb- 
ances ;  these  laws  having  i)oints  of  remarkable  analogy  at  both 
stations,  and  showing  a  causal  connexion  to  subsist  between  the 
disturbances  on  the  one  hand,  and  the  seasons  of  the  year  and  hours 
of  the  day  on  the  other. 

The  author  remarks  on  the  practical  bearing  which  the  establish- 
ment of  such  laws  must  have  on  the  researches,  which  have  been 
recently  brought  before  the  Royal  Society  by  one  of  its  most  distin- 
guished members,  into  the  physical  causes  of  the  periodical  varia- 
tions of  terrestrial  magnetism,  particularly  of  the  diurnal  magnetic 
variation.  The  present  investigation  shows  that  the  latter  pheno- 
menon must  now  be  regarded  as  consisting  of  two  periodical  varia- 
tions, superimposed  upon  each  other,  having  extremely  dissiu)ilar 
laws,  and  probably  therefore  different  immediate  causes.  These 
constituent  parts  of  the  variation  will  bear  diff'erent  proportions  to 
each  other  in  different  parts  of  the  globe,  and  in  many  parts  of  the 
globe  it  will  be  necessary,  in  the  author's  opinion,  to  separate  the 
whole  diurnal  variation  into  its  constituents  in  order  to  study  their 
respective  physical  causes.  At  Toronto  and  Hobarton  the  diurnal 
variation  occasioned  by  the  disturbances  forms  a  clearly  recognizable 
part  of  the  whole  diurnal  variation  ;  the  greater  part,  if  not  the 
whole  of  that  remarkable  phenomenon,  which  Mr.  Faraday  has 
termed  the  "nocturnal  episode,"  appearing  to  be  attributable  to  this 
cause. 

The  author  concludes  by  remarking,  that  the  investigation  which 
forms  the  subject  of  this  paper  cannot  be  regarded  as  complete,  until 
the  influence  of  the  larger  disturbances  on  the  phenomena  of  the 
magnetic  i7iclination  and  force  iiave  undergone  a  similar  examina- 
tion. This  he  hopes  to  have  a  future  opportunity  of  submitting  to 
the  Society. 

March  6. — George  Rennie,  Esq.,  V.P.,  in  the  Chair. 

The  following  papers  were  read  :  — 

1.  "On  the  Explanation  of  the  so-called  '  Mysterious  Circles.'" 
By  the  Rev.  Robert  H.  Atherton.  Communicated  by  the  Earl  of 
Rosse,  P.R.S.  &c.     Received  November  28,  1850. 

The  author  refers  to  explanations  which  have  been  given  of  the 
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phenomenon,  of  which  he  proposes  to  give  a  new  one,  and  points 
out  various  courses  which  the  propelled  air  may  be  supposed  to 
to  take  with  reference  to  the  cards.  He  then  offers  what  he  con- 
siders to  be  the  true  explanation  of  the  phenomenon.  He  con- 
siders that  no  sooner  has  the  air  struck  upon  the  loose  card,  than  it 
is  reflected,  spreading  partly,  il  not  entirely,  over  its  surface,  and 
then  ascends,  carrying  with  it  the  interposing  atmosphere,  and  ex- 
cluding the  surrounding  air.  This,  he  submits,  is  analogous  to  ordi- 
nary suction,  and  by  this  means  the  loose  card  is  at  once  drawn 
up  and  fixed.  He  considers  that  the  reflected  air,  thus  rising  and 
driven  out  by  the  descending  current,  will  have  additional  power 
when  the  fixed  card  is  considerably  larger  than  the  other. 

2.  "  On  the  relation  of  the  Direction  of  the  Wind  to  the  Age  of 
the  Moon,  as  inferred  from  observations  at  the  Royal  Observatory, 
Greenwich,  from  184'0  November  to  18+7  December."  By  G.  B. 
Airy,  Esq.,  F.R.S.  &c..  Astronomer  Royal.  Received  January  9, 
1851. 

The  author  states,  that  in  a  voyage  to  Shetland,  in  the  year  1849, 
he  heard  allusions  to  the  belief  entertained  generally  by  Norwegian 
seamen,  that  a  northerly  wind  may  always  be  expected  about  the 
time  of  new  moon.  The  expression  of  this  belief  was  so  positive, 
and  the  implication  of  the  interests  of  the  persons  entertaining  it 
was  so  distinct,  that  it  appeared  to  him  extremely  probable  that 
there  was  some  physical  foundation  for  it.  At  the  first  convenient 
opportunity  he  therefore  took  measures  for  discussing,  with  refer- 
ence to  this  question,  the  directions  of  the  wind  at  the  Royal  Ob- 
servatory, during  a  period  of  rather  more  than  seven  years,  as  ascer- 
tained from  the  records  of  Osier's  self-i-egistering  anemometer. 
He  extended  the  research  so  far  as  to  enable  any  one  to  judge 
whether  there  is  any  probable  relation  betvreen  any  direction  of 
wind  and  any  age  of  the  moon. 

The  collection  and  summation  of  the  numbers  was  effected  under 
the  immediate  superintendence  of  Mr.  Glaisher;  and  great  pains 
were  taken  to  establish  such  checks  on  the  operation  that  error  is 
considered  to  be  almost  impossible. 

The  general  result  is  contained  in  a  table  subjoined  to  the  paper. 
This  exhibits  the  number  of  hours  during  which  the  wind  blew  in 
each  of  sixteen  equal  divisions  of  the  azimuthal  circle,  and  also  the 
number  of  hours  of  sensible  calm,  in  the  period  extending  (with 
very  small  interruptions)  from  18iO  November  to  IS-t?  December, 
arranged  in  reference  to  the  days  of  the  moon's  age.  The  author 
remarks,  that  while  this  table  shows  that  there  is  great  uncertainty 
in  the  verification  of  an  empirical  law,  even  from  nearly  ninety  luna- 
tions, it  seems  very  distinctly  to  negative  the  asserted  law  which 
gave  rise  to  the  inquiry. 

March  13. — Lieut.-Col.  Sabine,  V.P.  and  Treasurer,  in  the  Chair. 

The  following  papers  were  read  : — 

1 .  "On  the  Meteorology  of  the  Lake  District,  including  the  results 
of  experiments  on  the  fall  of  Rain  at  various  heights  up  to  3166  feet 
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above  the  sea-level.  Fourth  paper.  For  the  year  1850."  By 
John  Fletcher  Miller,  Esq.,  F.R.S.,  F.R.A.S.  &c.  Received 
February  21,  18.51. 

The  observations  detailed  in  this  paper  are  similar  to  those  de- 
scribed by  the  author  in  his  former  papers,  and  the  results  deduced 
from  them  agree  generally  with  those  previously  obtained. 

In  the  introductory  remarks,  the  author  states  that  he  determined 
the  heights  of  the  different  rain-gauges  above  the  level  of  the  sea  by 
means  of  an  excellent  Aneroid  barometer  (previously  compared  with 
a  standard),  and  a  standard  barometer  read  simultaneously,  or  nearly 
so,  at  the  sea-level;  and  he  gives  the  heights  of  the  several  stations 
as  thus  estimated. 

The  most  important  fact  connected  with  these  observations  is 
stated  to  be  the  discovery  of  a  mountain  station  which  promises  to 
yield  nearly  one-third  more  rain  than  the  hamlet  of  Seathwaite  in 
Borrowdale,  hitherto,  with  good  reason,  considered  to  be  the  wettest 
spot  in  the  three  kingdoms.  This,  the  new  station,  "  the  Stye,"  on 
Sprinkling  Fell,  is  about  a  mile  and  a  half  distant  from  Seathwaite, 
in  a  south-westerly  direction,  and  580  feet  above  it,  at  the  extreme 
southern  termination  of  the  valley.  The  actual  quantity  of  water 
measured  in  eleven  months  of  1850  was  lY+'SS  inches;  but  as  the 
receiver  was  found  running  over  on  four  different  occasions,  the  loss 
is  calculated  at  5  or  6  inches  at  least ;  and  5*67  is  added,  making 
the  quantity  in  eleven  months  180*00  inches.  Adding  to  this  9''^9 
inches,  the  depth  for  January  computed  from  that  for  January  at 
Seathwaite,  it  appears  that  the  whole  depth  of  rain  fallen  at  "the 
Stye"  in  1850  was  189*4'9  inches.  The  author  further  remarks, 
that  the  wettest  year  since  the  commencement  of  the  observations 
was  184'8,  when  160*89  inches  fell  at  Seathwaite;  and  computing 
the  fall  at  the  new  station  for  that  year,  we  have  211*62  inches  for 
the  depth  of  rain  at  "  the  Stye"  in  184-8. 

2.  "  On  the  Rolling  Motion  of  a  Cylinder."  By  the  Rev.  H. 
Moseley,  M.A.,  F.R.S.  &c. 

The  time  occupied  by  a  heterogeneous  cylinder  in  oscillating 
upon  a  horizontal  plane  through  a  small  arc  has  been  investigated 
by  Euler;  and  he  has  determined  the  pressure  of  the  cylinder  upon 
the  plane  when  oscillating  through  any  arc,  applying  the  formula  he 
has  arrived  at  to  find  the  pressure  upon  the  plane  at  the  highest  and 
lowest  points  of  oscillation.  It  is  the  object  of  the  present  paper  to 
endeavour  to  extend  this  investigation  to  the  continuous  rolling  of 
the  cylinder,  under  which  more  general  form  its  oscillation  is  ob- 
viously included  as  a  particular  case.  In  the  first  part  of  the  paper, 
the  time  of  rolling  through  any  angle,  and  therefore  of  completing 
any  given  number  of  revolutions,  is  investigated  ;  and  in  the  second, 
the  conditions  of  the  pressure  upon  the  plane  at  any  period  of  a 
revolution.  The  complete  determination  of  the  time  of  rolling  in- 
volves the  integration  of  a  function  of  the  form  /  I J  dd, 

which  is  shown  to  be  reducible  to  an  elliptic  function  of  the  third 
order,  capable  of  being  expressed  (by  a  theorem  of  Legendre)  in 
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terms  of  elliptic  functions  of  the  first  and  second  orders,  and  there- 
fore of  having  its  numerical  value  calculated  from  the  tables  of  Le- 
gendre.  The  theorem  resulting  from  this  reduction,  when  applied 
to  the  particular  case  of  the  oscillation  of  the  cylinder,  gives  an  ex- 
pression for  the  time  of  oscillation,  through  any  arc,  of  a  pendulum 
having  a  cylindrical  axis.  If  the  diameter  of  this  axis  be  assumed 
infinitely  small,  the  case  becomes  that  of  a  pendulum  oscillating  on 
knife-edges ;  and  the  time  of  oscillation  is  expressed  by  the  simple 
formula 

where  F(  c  —  |  represents  that  complete  elliptic  function  of  the  first 

order  whose  modulus  c  is  the  sine  of  half  the  angle  of  oscillation. 
From  this  formula  the  times  of  oscillation  through  every  two  degrees 
of  a  complete  revolution  have  been  calculated  in  respect  to  a  pen- 
dulum which  beats  seconds  when  oscillating  through  small  arcs,  and 
are  given  in  the  form  of  a  table. 

In  the  second  part  of  the  paper,  general  expressions  are  arrived 
at  for  the  vertical  and  horizontal  pressure  of  the  cylinder  upon  the 
plane  on  which  it  rolls  at  any  period  of  a  revolution ;  and  these  are 
applied  to  determine  the  conditions  under  which  it  -wWljump  or  slip 
upon  the  plane.  A  jump  will  take  place  when  the  expression  for 
the  vertical  pressure  assumes  a  negative  value ;  and  whether  such  a 
jump  will  or  will  not  take  place  in  any  revolution  is  determined  by 
ascertaining  whether  the  minimum  value  of  the  pressure  in  respect 
to  that  revolution  be  negative  or  not.  The  cylinder  will  slip  if  its 
friction  on  the  plane  fall  short  of  the  horizontal  resistance  X,  de- 
termined as  the  necessary  condition  of  its  rolling.  As  the  friction 
is  measured  by  the  product  of  the  coefficient  of  friction  by  the 
vertical  pressure  V,   it  follows,   that   slipping  will   take    place  if 

r^  exceed  the  coefficient  of  friction  ;  and  whether  it  will  or  will  not 

take  place  in  any  revolution  is  determined  by  ascertaining  whether 

X 

the  maximum  value  of  ^  in  that  revolution  be  or  be  not  greater 

than  the  coefficient  of  friction.  All  these  circumstances  are  investi- 
gated on  the  supposition  that  the  centre  of  gravity  of  the  cylinder  is 
situated  at  any  given  distance  from  its  axis,  and  that  it  is  projected  in 
any  position  with  a  given  angular  velocity,  which  angular  velocity 
must  be  assumed  =0,  to  get  the  case  of  an  oscillatory  cylinder. 
The  investigation  determines  in  this  case  the  circumstances  under 
which  a  pendulum  oscillating  by  a  cylindrical  axis,  or  by  knife-edges 
on  horizontal  planes,  will  jump  or  slip  upon  its  bearings  unless  other- 
wise retained.  If  a  finite  value  be  assumed  for  the  angular  velocity 
sufficient  to  cause  complete  revolutions  to  be  made,  and  if  the  dia- 
meter of  the  axis  be  assumed  =0,  the  case  will  be  arrived  at  of  the 
pressure  upon  its  bearings  of  a  falsely-balanced  wheel,  or  any  un- 
symmetrical  body  revolving  about  a  fixed  horizontal  axis,  frictioa 
being  neglected. 
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If  the  angular  velocity  of  projection  be  supposed  to  be  that  ob- 
tained by  the  cylinder  when  its  centre  of  gravity  is  at  its  highest 
point,  the  general  formula  for  the  vertical  pressure  assumes  a  simple 
form,  under  which  it  is  readily  applicable  to  tlie  case  of  the  falsely- 
balanced  carriage  wheel,  a  case  wiiich  assumes  a  practical  importance, 
from  the  fact  that  the  driving  wheels  of  locomotive  engines  are  all, 
by  reason  of  their  cranked  axles,  falsely  balanced  unless  counter- 
weights be  applied.  The  danger  which  might  arise  from  this  fact 
does  not  appear  to  have  been  at  one  time  duly  estimated  ;  and  when 
smaller  engines  were  used  than  at  present,  and  the  axles  were  dif- 
ferently cranked,  the  author  thinks  there  is  reason  to  believe  that  the 
accidents  which  not  unfrequently  occurred  with  these  engines  (some 
of  them  attended  by  fatal  results)  were  due  to  this  cause.  The  fact 
seems  first  to  have  been  brought  prominently  under  the  notice  of 
engineers  by  the  experiments  of  Mr.  George  Heaton  of  Birmingham, 
who  caused  a  falsely-balanced  wheel  to  roll  round  the  periphery 
of  a  circular  table,  by  means  of  an  axis  fixed  to  a  pivot  in  its  centre, 
and  thereby  exhibited  the  tendency  to  jump  created  by  even  a  small 
displacement  of  the  centre  of  gravity. 

The  analytical  investigation  in  this  paper  shows  how  carefully  the 
crank  should  be  counterbalanced  to  provide  the  requisite  security 
against  the  jumping  of  the  wheel.  It  appears,  that,  assuming  the 
weight  of  an  engine  to  be  from  20  to  25  tons,  and  of  a  pair  of  six- 
feet  driving  wheels  from  2^  to  3  tons,  a  displacement  of  the  centre 
of  gravity  of  the  wheel  of  about  3  inches  from  its  centre  would  be 
sufficient  to  cause  it  to  jump  at  any  instant  when  it  attained  a  speed 
of  sixty  miles  an  hour. 

A  table  is  given  in  the  paper  of  the  displacements  of  the  centre 
of  gravity  necessary  to  produce  jumps  at  diiferent  speeds.  These 
vary  inversely  as  the  squares  of  the  speeds. 

Before  a  jump  can  take  place,  there  must  be  a  slip  of  the  wheel, 
or  at  least  the  wheel  must  cease  to  bite  upon  the  rail ;  and  to  this 
cause,  as  well  as  to  the  reciprocating  action  of  the  two  pistons,  the 
author  considers  may  be  due  some  portion  of  that  fish-tail  motion 
which  is  familiar  to  railway  travellers.  The  calculations  show  the 
danger  to  be  increased  as  the  diameter  of  the  driving  wheel  is  di- 
minished, and  they  are  unfavourable  to  the  use  of  light  engines. 

March  27 — Sir  Roderick  I.  Murchison,  V.P.,  in  the  Chair. 

The  reading  of  Mr.  Huxley's  paper  "  On  the  Anatomy  and  Phy- 
siology of  Salpa  and  Pyrosoma,"  commenced  at  the  previous  meet- 
ing, was  concluded. 

The  object  of  the  author  in  the  present  paper  is  to  inquire  into 
the  true  nature  of  the  singular  phaenomena  of  reproduction  in  the 
SalpcE,  whose  existence  was  first  demonstrated  by  Chamisso  twenty 
years  ago,  and  which  have  formed  the  basis  of  the  theory  of  "  alter- 
nate generations." 

The  author  refers  to  M.  Krohn  as  the  only  writer  who  has  pre- 
viously entered  thoroughly  into  this  subject;  but  while  he  bears 
testimony  to  the  extreme  accuracy  of  M.  Krohn's  statements,  he  sub- 
mits that,  as  the  latter  are  published  in  a  very  condensed  form  only, 
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and  without  figures,  they  cannot  affect  any  value  that  may  attach 
to  his  own  independent  researches. 

The  forms  of  Salpa  examined  were  the  S.  democratica  and  S. 
mucronata. 

The  author  first  describes  their  outward  form,  and  shows  that 
they  are  so  different  in  appearance,  and  in  some  points  of  organiza- 
tion, as  to  fully  warrant  the  assumption  (if  they  belonged  to  any 
other  family)  that  they  are  different  species.  He  then  proceeds  to 
describe  the  various  organs  in  detail;  first,  however,  discussing  the 
proper  nomenclature  of  the  sides  and  ends  of  tliese  animals,  a  sub- 
ject on  which  much  confusion  has  prevailed.  Particular  attention 
is  called  to  the  existence  of  an  organ  iiitherto  undescribed — a  cylin- 
drical, elongated  body,  like  an  internal  shell, — here  termed  the  "  en- 
dostyle"  which  lies  in  the  dorsal  sinus,  and  has  hitherto  been  con- 
founded with  the  "  dorsal  folds"  of  Savigny.  A  peculiar  system  of 
delicate  transparent  vessels,  taking  its  origin  in  the  stomach  and 
ramified  over  the  intestine,  is  described  and  its  nature  inquired  into. 

The  organs  of  reproduction  are  next  inquired  into.  The  young 
in  tlie  Saipa  democratica  constitute  a  "  Salpa-chain,"  and  are  shown 
to  arise  by  gemmation  from  a  tubular  diverticulum  of  the  vascular 
system  of  the  parent.  In  the  course  of  their  development  they  take 
the  form  of  the  *S'.  mucronata. 

The  young  in  the  Salpa  mucronata  again  is  shown  to  be  solitary, 
and  attached  to  one  point  of  the  respiratory  chamber  of  the  parent 
by  an  organ  which  exactly  represents  in  its  structure  a  rudimentary 
mammiferous  placenta,  except  that  in  the  Salpce  tlie  "  villus"  is 
formed  by  the  maternal  system,  the  "  placental  cell"  by  the  foetal 
system.  But  the  foetus  here  is  not  produced  by  gemination,  as  in 
the  preceding  case,  but  by  a  true  process  of  sexual  generation. 

Every  Salpa  mucronata  contains  at  one  period  of  its  existence  a 
solitary  ovum,  and  a  testis,  which  is  a  ramified  gland  surrounding 
the  intestine,  and  hitherto  confounded  with  the  liver.  The  solitary 
ovum  becomes  fertilized,  pushed  out  into  the  respiratory  cavity  of 
the  parent,  and  remains  connected  with  the  latter  until  it  has  as- 
sumed the  form  of  the  Salpa  democratica,  when  it  becomes  de- 
tached. 

Chamisso's  formula  therefore,  "  that  the  parent  Salpa  produces 
an  offspring  different  from  itself,  which  again  produces  an  offspring 
different  from  itself,  but  similar  to  its  parent,"  is  perfectly  correct, 
only  the  word  "  produce"  has  two  meanings — in  the  one  case  signi- 
fying a  process  of  gemmation,  in  the  other  of  tr\ie  sexual  generation. 

The  author  next  proceeds  to  describe  the  anatomy  of  Pyrosoma, 
and  to  point  out  its  general  harmony  with  that  of  Salpa.  He  shows 
the  existence  of  an  endostyle — a  system  of  ramified  intestinal  tu- 
bules— and  of  other  organs  precisely  resembling  those  described  in 
the  latter  genus.  The  "hepatic  organ"  of  Savigny  is  the  testis, 
while  the  female  generative  organ  consists  of  solitary  pedicillate 
ova.  The  arrangement  of  their  parts  is  essentially  the  same  as  in 
Salpa,  only  that  the  foetus  does  not  appear  to  be  developed  in  pla- 
cental connexion  with  the  parent. 
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The  Pi/rosomata  increase  by  gemmation  also,  but  the  gemmae  are 
solitary  and  do  not  form  chains,  becoming  developed  like  those  of 
the  ordinary  compound  Ascidians  between  tlie  pre-existing  forms. 

In  the  next  section,  the  zoological  relations  of  the  SalpcB  and 
Pi/rosomata,  with  the  other  Ascidians,  are  inquired  into.  The  au- 
thor endeavours  to  show  that  tliere  is  no  essential  difference  of  or- 
ganization between  the  ordinary  Ascidians  and  tlie  SalpcB,  that  the 
two  forms  grade  insensibly  one  into  the  otlier,  and  that  there  is, 
tlierefore,  no  ground  for  breaking  up  the  great  ascidian  family  into 
the  two  subdivisions  of  Monochitonida  and  Dichitonida. 

With  regard  to  the  theory  of  the  "  alternation  of  generations," 
the  author  submits  that  it  is  by  no  means  a  proper  expression  for 
the  phsenomena  presented  by  the  Salpce.  According  to  the  author's 
view,  the  two  forms  of  Salpa  are  not  two  generations  of  distinct  in- 
dividuals, but  are,  properly  speaking,  organs,  and  only  when  taken 
together,  equivalent  to  an  individual,  in  the  sense  in  which  that 
term  is  used  among  the  higher  animals. 

For  these  pseudo-individuals,  in  this  and  all  analogous  cases,  the 
author  proposes  the  name  of  "  zooids"  simply  for  the  purpose  of 
avoiding  the  apparent  paradox  of  calling  these  highly-organized  in- 
dependent forms  "  01-gans,"  though  such,  in  the  author's  opinion, 
they  really  ar.^. 

The  following  letter,  addressed  to  S.  Hunter  Christie,  Esq.,  Sec. 
R.S.,  by  James  Glaisher,  Esq.,  "  On  the  Extraordinary  Fall  of 
Kain  in  the  neighbourhood  of  London  on  the  15th  instant,"  was 
read. 

"  13  Dartmouth  Terrace,  Blackheath. 
1851,  March  27. 

"  My  DEAR  Sir, — The  fall  of  rain  in  the  neighbourhood  of 
London  on  the  15th  instant  was  so  remarkable,  that  I  think  an  ac- 
count of  it  will  be  interesting  to  the  Fellows  of  the  Royal  Society. 

"  At  Greenwich  it  commenced  falling  about  1  o'clock  a.m.,  and 
by  9^  A.M.  the  amount  fallen  was  1  inch,  and  by  4  o'clock  p.m.  at 
the  Royal  Observatory  1'45  inch  was  measured  ;  at  Lewisham  the 
fall  was  1"7'25  inch  ;  in  London  an  inch  nearly  had  fallen  by  9**  a.m., 
and  by  ^'^  p.m.  the  amount  collected  was  \''25  inch. 

"These  quantities  are  unusual  at  any  season,  but  particularly  so 
in  the  month  of  INIarch  ;  there  is  no  record  either  in  the  MSS.  of 
the  Royal  Observatory,  or  in  the  Philosophical  Transactions,  of  so 
large  a  fall  in  any  day  in  the  month  of  March,  and,  so  far  as  I  can 
find,  it  is  unprecedcntly  large. 

'•  The  annexed  table  shows  the  amount  of  rain  fallen  on  this  day 
at  various  places  in  England  and  Ireland. 
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Names  of  Places. 


jFall  of  rain 
in  inches. 


Wind. 


Direction. 


Bfmaiks. 


Jersey 

Gtiernsey     

Helston  

Falmouth    

Truro  

Exeter 

Gosport  

Southampton 

Midhurst 

Uckfield  

Valentine  Terrace  

Greenwich  R.  Obs 

Hyde  Vale,  Greenwich  ... 

Lewisham   

Fleet  Street,  London 

Chiswell  Street,  London .. 

Westminster  

St.  John's  Wood 

llungerford 

Burnslade    

Foxhangers 

Bradford 

Crofton    

Radcliffe  Obs.,  Oxford   ... 

Rose  Hill  near  Oxford   ... 

I  Linslade 


Stone  

Hartwell 

Cardington 

Norwich 

Holkham 

Nottingham  . 
Grantham    . . . . 

Hawarden  

Liverpool  . . . . 
Manchester.... 
Wakefield    . . . . 

York    

North  Shields. 
Durham  


Stonyhurst 

I  Whitehaven    

Glasgow , 

Dunino  near  St.  Andrews  ■ 

Ireland. 

[Cork    ' 

j  Bridgetown  near  Wexford 

Ennis  j 

Longford     i 

Strokestown   

Carrick-on- Shannon  I 


0-350 
0-888 
0-000 
0-047 
0-150 
0-180 
0-890 
1-060 
0-970 
1-200 
1-360 
1-450 

I'OO 

1-725 

1-280 

1-200 

1-00 

1-044 

0-050 

0-180 

0-100 

0-020 

0-000 

0-228 

0-276 

0-520 

0-490 

0-530 

0-345 

0-130 

0-160 

0  00 

0-00 

0-00 

0006 

0000 

0-770 

0-000 

0-000 

0-000 

0074 
0-252 
0-080 
0-000 

0-000 
0-000 
0-100 
0-060 
0-045 
0-019 


I    W.N.W. 

W.N-.W. 

X.W. 

;    x.y.E. 

i  N. 

N. 

;  N.E. 

E.N.E. 
E.X.E. 

E.N'.E. 

E.N.E. 

E.X.E. 

E.X.E. 
i      E.N.E. 
I      E.N.E. 
|S.  to  S.W. 
!   S.  to  W. 
I  '^• 

'  s.  to  w. 


N. 

N. 
N.E. 
N.E. 

E. 

calm. 

I       ^' 
I       ^- 

I        S.E. 

,     var. 

s.  by  w. 

S.W. 
I        S.W. 

I    'e.s.e. 
'    w.s.w. 

j      E.N.E. 

I    s.s.w. 

I 
I 

I     cahn. 

i      ^• 

!      N.W. 
|W.&N.W. 

N. 
W. 


'  Oi'-Se  fell  on  Sunday  the  16th. 

I  Showery :  blowing  fresh. 

I  Ceased  raining  at  7''  a.m. 
The  rain  fell  before  8''  a.m. 

The  greater  part  fell  in  6  hours. 

The  direction  of  the  wind  on  March 
14  was  S.W.  till  5^  P.M. ;  It  then 
veered  to  s.  by  w.  till  11  p.m.  ;  it 
was  S.E.  at  midnight ;  on  the  loth 
at  1*^  it  suddenly  changed  to  x.E., 
and  during  the  time  of  the  heavy 
faU  of  rain  it  was  e..\.e.  ;  at  noon 
it  was  N.,  after  which  it  was  N.N. w. 

The  rain  ceased  at  3''  p.m. 


Cloudy.  [clouds. 

j  Fine  day,  interrupted  with  flying 

Rain  ceased  faUing  at  noon. 
I  "1  Rain  falhug  all  day ;  the  Chil- 

_|    tern  hills  are  covered  by  snow. 
j  Rain  all  day. 
I  Rain  all  day. 

,  Thin  rain  occasionally  all  day. 
I  Misty :  a  line  day. 
I  Calm :  foggy :  dull. 


[sunshine. 
A  brilliant  day,  almost  continued 
A  fine  sunny  day. 
Our  falls  of  rain  have  been  after 

those  in  the  south. 
Fine  and  sunny  diuing  the  day. 

Rain. 


Sun  was  shining  all  day. 
Cloudy. 

Showers :  partially  cloudy. 
Showen-. 

Forenoon  showery,  aftem.  fine. 
1  Forenoon  fair,  aftern.  showerv. 


"  By  reference  to  this  table,  it  will  be  seen  that  the  heavj'  fall 
extended  over  the  counties  of  Middlesex,  Kent,  Sussex  and  Hamp- 

2M2 
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shire,  and  tliat  tlie  direction  of  the  wind  over  these  counties  during 
the  time  was  chiefly  N,  and  E.N.E.  At  many  places  the  day  was 
fine  and  bright. 

"The  change  of  wind  from  S.  nearly  to  S.E.  by  midnight  on  the 
14-th,  and  to  N.E.  at  about  the  time  the  fall  began,  and  the  change 
of  wind  just  before  the  rain  ceased  to  N.N.W.,  indicate  that  this 
great  fail  of  rain  in  so  short  a  time  was  attributable  to  the  meeting 
of  two  currents  of  air  of  (iiff"erent  temperatures,  and  the  consequent 
great  deposition  of  moisture. 

"  It  will  be  seen  that  the  weather  in  Ireland  on  this  day  was  for 
the  most  part  fine. 

"  I  am,  dear  Sir, 

"  Yours  very  faithfully, 

"  James  Glaisher." 
"  P.S.  Tiie  average  fall  of  rain  in  the  month  of  March  is  about 
1*7  inch." 

"  S.  H.  Christie,  Esq., 
Sec.  /?.  ^." 
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May  2,  1 85 1 . — The  Astronomer  Roval  on  the  Total  Solar  Eclipse 
of  1  Sol,  July  28. 

The  Lecturer  remarked  that  the  subject  which  he  had  suggested 
to  the  Managers  of  the  Institution  for  the  present  Lecture  might  at 
first  sight  appear  meagre  and  commonplace,  but  that  he  1)elieved  it 
would  be  found  to  be  one  of  the  highest  interest ;  first,  because 
during  a  total  eclipse  we  are  permitted  a  hasty  glance  at  some  of 
the  secrets  of  nature  which  cannot  be  seen  on  any  other  occasion  ; 
secondly,  because  the  general  pha?nomenoii  is  perhaps  the  most 
awfully  grand  which  man  can  witness.  Many  of  his  audience  had 
probal)ly  seen  large  partial  eclipses  of  the  sun,  and  they  might  sup- 
pose that  a  total  eclipse  is  merely  an  intensified  form  of  a  partial 
eclipse ;  but,  having  himself  witnessed  a  total  ecli])se,  he  was  able 
to  assure  them  that  no  degree  of  partial  eclipse  up  to  the  last  moment 
of  the  sun's  appearance  gave  the  least  idea  of  a  total  eclipse,  as  re- 
garded either  the  generally  terrific  appearances,  or  the  singular 
nature  of  some  of  the  phaenomena.  Many  years  ago,  in  reading  the 
admirable  essay  in  the  Philosophical  Transactions  by  the  late  Mr. 
Bally  on  the  eclipse  (usually  called  that  of  Thales),  the  occurrence 
of  Avhich  suspended  a  battle  between  the  Lydians  and  the  Medes,  he 
had  been  struck  by  the  cogency  of  Mr.  Baily's  arguments,  which 
showed  that  only  a  total  eclipse  could  be  admitted  as  sufficient  to 
produce  the  eftect  ascribed  to  it  ;  and  by  the  remark  (cited  by  Mr. 
Baily)  of  Maclaurin  and  Lemonnier,  that  in  an  annular  eclipse  of 
the  sun,  even  educated  astronomers  when  viewing  the  sun  (nearly 
covered  by  the  moon)  with  the  naked  eye  could  not  tell  that  it  was 
not  full.  The  appearances,  however,  in  a  total  eclipse,  as  he  should 
afterwards  mention,  were  so  striking,  that  there  could  be  no  diffi- 
culty in  believing  the  historian's  account  to  be  literally  correct. 
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Proceeding  first  to  explain  the  simple  causes  of  a  solar  eclipse,  the 
Lecturer  remarked  that  the  moon's  distance  from  the  earth  is  nearly- 
one  four-hundredth  part  of  the  sun's  distance,  and  that  the  moon's 
diameter  is  very  nearly  one  four- hundredth  part  of  the  sun's  dia- 
meter, and  that  therefore,  on  the  average,  the  sun's  apparent 
diameter  and  the  moon's  apparent  diameter  are  very  nearly  equal. 
But  in  consequence  of  the  elliptic  forms  of  their  orbits,  the  sun's 
distance  is  liable  to  small  variations,  and  the  moon's  distance  to 
very  considerable  variations  :  when  the  moon  is  at  the  most  distant 
part  of  her  orbit,  her  apparent  diameter  is  smaller  than  the  sun's, 
and  if  she  happens  at  that  time  to  be  between  a  spectator  and  the 
sun,  she  will  be  seen  as  a  black  disc  covering  the  central  part  of 
the  sun  and  leaving  a  ring  of  light  all  round  :  when  the  moon  is  at 
the  nearest  part  of  her  orbit,  her  apparent  diameter  is  larger  than 
the  sun's,  and  she  will,  to  a  spectator  in  the  proper  locality,  com- 
pletely cover  the  sun,  and  produce  a  total  eclipse.  But  neither  of 
these  things  can  happen  unless  the  plane  of  the  moon's  orbit  be  in 
such  a  position  that  the  moon,  when  approaching  the  state  of  con- 
junction or  new  moon,  is  seen  to  pass  not  above  the  sun  or  below 
the  sun,  but  over  the  sun. 

The  Lecturer  then  called  attention  to  the  circumstance  that  four 
successive  total  eclipses  occur  in  the  month  of  July  at  intervals  of  nine 
years,  namely  1833,  July  17;  184-2,July8;  1851,  July '28;  and  1860, 
July  18.  For  the  explanation  of  this  curious  circumstance  it  was 
necessary  to  show,  first,  how  it  happened  that  at  intervals  of  nine 
years  the  moon's  orbit  was  in  such  a  position  that,  for  a  nearly  definite 
apparent  position  of  the  sun.  the  moon's  path  would  cross  the  sun's 
disc  ;  secondly,  how  it  happened  that  at  intervals  of  nine  years  the 
moon  was  at  nearly  her  smallest  distance  from  the  earth,  so  that  her 
apparent  diameter  was  larger  than  the  sun's.  In  reference  to  the 
former,  it  was  shown  that  the  moon  revolves  in  an  orbit  whose  plane 
is  inclined  to  the  plane  of  the  echptic  (the  apparent  orbit  of  the  sun 
round  the  earth),  and  that  the  inclination  is  nearly  invariable,  but 
that  the  position  of  the  line  in  which  the  plane  of  the  moon's  orbit 
intersects  that  of  the  ecliptic  is  constantly  changing,  revolving  steadily 
in  the  direction  opposite  to  the  moon's  motion,  and  performing  a 
complete  revolution  in  something  more  than  nineteen  years.  There- 
fore if  one  node  or  extremity  of  this  line  of  intersection  were  directed 
nearly  to  the  July  sun  in  1833,  the  opposite  node  would  be  directed 
nearly  to  the  July  sun  in  1842,  and  so  on  for  four  successive  periods 
of  nine  years  ;  and  ecli})ses  would  be  possible  in  July  at  the  end  of 
each  period.  But  to  show  that  they  might  be  total  eclipses,  it  was 
necessary  to  remark  that  the  moon  revolves  in  an  eUipse  of  which  the 
earth  occupies  one  focus  (a  point  much  nearer  to  one  end  than  to  the 
other),  and  that  the  position  of  this  ellipse  is  constantly  varying, 
its  long  axis  turning  round  in  the  same  direction  as  the  moon's 
motion,  and  completing  a  revolution  in  nine  years  and  a  half.  There- 
fore if  in  1833  the  shorter  end  of  the  ellipse  were  nearly  turned  to 
the  July  sun,  in  1842  the  axis  of  the  ellipse  would  have  completely- 
revolved,  so  that  the  shorter  end  of  the  ellipse  would  again  be  nearly 
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turned  to  the  July  sun  :  and  thus  the  eclipse  which  occurred,  if  total 
in  1833,  would,  if  central,  be  total  (not  anuular)  in  1842  ;  and  so  on 
for  four  periods  of  nine  years. 

The  Lecturer  then  called  attention  to  the  great  difference  in  the 
directions  of  the  shadow-paths  across  Europe,  for  the  eclipses  of  1842 
and  1851  (the  former  being  from  W.S.W.  to  E.N.E.  nearly,  the 
latter  from  N.W.  to  S.E.  nearly).  This  arose  in  part  from  the 
circumstance  that  (as  above  explained)  the  former  of  these  eclipses 
occurred  when  the  node  or  end  of  the  intersection-line  of  the  planes 
of  orbits,  turned  towards  the  July  sun,  was  that  at  which  the  moon 
rises  to  the  north  of  the  ecliptic,  the  latter  when  it  is  that  at  which 
the  moon  is  descending  to  the  south  of  the  ecliptic.  But  the  prin- 
cipal cause  of  the  difference  is  this  ;  that  the  former  eclipse  occurred 
early  in  the  morning,  the  latter  in  the  afternoon :  on  placing  a 
terrestrial  globe  in  the  proper  position  for  July,  with  its  north  pole 
inclined  considerably  towards  the  sun,  it  is  seen  that,  even  if  the 
moon  moved  precisely  in  the  ecliptic,  the  path  of  her  shadow  across 
Europe  before  Euroi)e  came  to  the  meridian  would  trend  from  the 
south  to  the  north  ;  but  if  Europe  had  passed  the  meridian  it  would 
trend  from  the  north  to  the  south. 

Quitting  the  geometrical  explanations,  the  Lecturer  then  pro- 
ceeded to  describe  some  peculiar  phsenomenawhich  had  been  observed 
in  eclipses,  and  first,  one  which  had  been  observed  most  distinctly 
in  annular  eclipses,  and  which  is  known  by  the  name  of  "  Baily's 
beads  and  strings."  When  the  preceding  limb  of  the  moon,  tra- 
versing the  sun's  disc,  approaches  very  near  the  sun's  limb,  or  when 
the  following  limb  of  the  moon  is  in  the  act  of  separating  from  the 
sun's  limb  to  enter  on  the  sun's  disc,  the  two  limbs  are  joined  for  a 
time — (no  one  has  estimated  the  duration  with  accuracy) — by  alter- 
nations of  black  and  white  points  or  strings.  Phfenomena,  evidently 
of  the  same  class,  have  been  observed  in  the  transits  of  Venus  and 
Mercury  over  the  sun's  disc ;  the  black  planet,  when  just  lodged  on 
the  sun's  disc,  being  pear-shaped,  with  its  point  attached  to  the  black 
sky.  The  Lecturer  was  able  to  state,  in  his  own  experience  at  the 
Royal  Observatory,  that  at  the  same  transit  of  Mercury  this  phaeno- 
menon  was  seen  with  some  telescopes  and  was  not  seen  with  others. 
In  the  annular  eclipse  of  1836  observed  at  Konigsberg,  where  the 
moon's  limb  but  just  entered  completely  on  the  sun's,  and  where  con- 
sequently it  grazed  along  the  sun's  for  many  seconds  of  time,  the 
phsenomenon  appeared  to  resolve  itself  simply  into  points  of  light 
seen  between  lunar  mountains.  The  Lecturer  expressed  himself 
generally  satisfied  with  Professor  Powell's  explanation,  that  the  phae- 
nomenon  originates  in  that  inevitable  fault  of  telescopes  and  of  the 
nervous  system  of  the  e5^e  which  tends  to  extend  the  images  of  lumi- 
nous objects  (producing  what  is  generally  termed  irradiation),  and 
thus  enlarges  the  sun's  disc  towards  the  sky,  towards  the  moon  or 
planet,  and  towards  the  bottoms  of  its  hollows. 

In  describing  the  total  eclipse  of  1842  (which  perhaps  was  better 
observed  than  any  one  preceding  it),  theLecturer  insisted  on  our  obli- 
gation to  M.  Arago,  who  had  prepared  the  preliminary  notices,  and 
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had  used  his  powerful  personal  influence  in  inducing  persons  to  make 
observations  at  numerous  stations  in  the  south  of  France ;  and  had 
afterwards  collected  and  comjiared  the  observations.  Besides  these 
French  observations,  and  the  observations  made  by  astronomers 
officially  located  in  the  path  of  the  shadow,  we  have  the  observations 
of  M.  Schumacher,  who  went  to  Vienna,  of  MM.  Otto  Struve  and 
Schidlowsky  at  Lipetsk  (the  former  of  whom  was  sent  expressly  by 
the  Russian  government),  of  Mr.  Baily,  wlio  went  to  Pavia,  and  of 
the  Lecturer  himself,  who  went  to  the  Superga  (near  Turin). 

It  appears  that,  with  M.  Arago's  telescope,  the  whole  circum- 
ference of  the  moon  was  visible  when  the  moon  had  entered  on  only 
about  two-thirds  of  the  sun's  diameter.  Whatever  may  be  the  cause 
of  this  unusual  appearance,  it  seems  to  require  the  use  of  a  telescope 
with  a  small  number  of  glasses  in  the  highest  state  of  polish. 

As  the  totality  approached,  a  strange  fluctuation  of  light  was  seen 
by  AL  Arago  and  others  upon  the  walls  and  the  ground,  so  striking 
that  in  some  places  children  ran  after  it  and  tried  to  catch  it  with 
their  hands. 

Of  the  awful  eff^ect  of  the  totality,  and  of  the  suddenness  with 
which  it  came  on,  it  is  difficult  to  give  an  idea.  The  Lecturer  cited 
an  expression  from  Dr.  Stukely's  account  of  the  total  eclipse  of  1 744, 
observed  on  a  cloudy  day,  "  that  the  darkness  came  dropping  like  a 
mantle  :"  and  compared  it  with  his  own,  in  similar  weather,  "  that 
the  clouds  seemed  to  be  descending."  But  all  agree  in  the  descrip- 
tion of  livid  countenances,  indistinct  and  sometimes  invisible  horizon, 
and  general  horror  of  appearance.  It  is  well  that  we  are  enabled, 
by  means  of  instances  collected  by  M.  Arago,  to  show  that  these  are 
not  simply  the  inventions  of  active  human  imaginations.  In  one 
case,  a  half- starved  dog,  who  was  voraciously  devouring  some  food, 
dropped  it  from  his  mouth  when  the  darkness  came  on.  In  another, 
a  swarm  of  ants,  who  were  busily  carrying  their  burdens,  stopped 
when  the  darkness  came  on,  and  remained  motionless  till  the  light 
reappeared.  In  another,  a  herd  of  oxen,  as  soon  as  the  totality  was 
formed,  collected  themselves  into  a  circle  and  stood  with  their  horns 
outwards.  Some  plants  (as  the  convolvulus  and  silk-tree  acacia) 
closed  their  leaves. 

The  darkness  at  Venice  was  so  great  that  the  smoke  of  the  steam- 
boats could  not  be  seen.  In  several  places,  birds  flew  against 
houses,  &c.  Where  the  sky  was  clear,  several  stars  were  seen.  In 
several  places  a  reddish  light  was  seen  near  the  horizon.  A  heavy 
dew  was  formed  at  Perpignan. 

The  Lecturer  cited  an  instance  which  had  been  related  to  him  by 
M.  Arago,  in  which  the  captain  of  a  French  ship  had  beforehand 
arranged  in  the  most  careful  way  the  observations  to  be  made  :  but, 
when  the  darkness  came  on,  discipline  of  every  kind  failed,  every 
person's  attention  being  irresistibly  attracted  to  the  striking  appear- 
ances of  the  moment,  and  some  of  the  most  critical  observations  were 
thus  lost. 

The  most  remarkable  phaenomenon  observed  in  all  preceding  tota 
eclipses,  and  seen  equally  in  this,  is  the  ring  of  light  surrounding 
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the  moon,  called  the  corona.  The  Lecturer  described  the  magical 
change,  from  the  state  of  a  very  narrow  lime  of  solar  light  (the 
contour  of  the  moon  being  totally  invisible)  to  the  state  of  an  entire 
dark  moon  surrounded  by  a  ring  of  faint  light,  as  most  curious  and 
striking.  The  progress  of  the  formation  of  the  ring  was  seen  by 
his  companion,  and  b}'^  some  other  persons;  it  commenced  on  the 
side  of  the  moon  opposite  to  that  at  which  the  sun  disappeared. 
In  the  general  decay  and  disease  which  seemed  to  oppress  all  nature, 
the  moon  and  corona  appeared  almost  like  a  local  disease  in  that 
part  of  the  sky.  In  some  places,  the  corona  was  seen  as  distinctly 
double  ;  it  would  appear  that  the  ring  which  the  Lecturer  saw 
(whose  breadth,  by  estimate  of  repeated  dupHcation,  he  found  to  be 
about  one-eighth  part  of  the  moon's  diameter,  or  four  minutes  of  arc 
nearly)  was  the  inner  of  the  two  rings  seen  by  M.  Arago  and  others. 
The  texture  of  the  corona  appeared  in  some  places  as  if  librous,  or 
composed  of  entangled  thread  ;  in  some  places,  brushes  or  feathers 
of  light  proceeded  from  it.  One  photometric  estimate  of  the  quantity 
of  light  in  the  corona,  cited  by  M.  Arago,  gave  it  equal  to  one- 
seventh  part  of  full  moonlight.  From  a  chromatic  analysis  of  its 
light  by  means  of  an  ordinary  prism,  it  appeared  to  be  deficient  in 
green  rays. 

The  Lecturer  characterized  the  inquiry  into  the  origin  and  locality 
of  this  corona  as  one  of  the  most  interesting  connected  with  the 
eclipse.  It  had  been  specially  indicated  by  M.  Arago  (see  the 
Annuaire  du  Bureau  des  Longitudes,  1842)  as  a  very  important 
subject  of  inquiry  whether  the  corona  is  concentric  with  the  moon 
or  with  the  sun  ;  but  his  recommendation  had  received  very  limited 
attention.  The  general  tenor  of  the  evidence  went  to  prove  that 
the  corona  belongs  to  the  sun.  This,  however,  was  not  the  opinion 
of  more  ancient  writers,  who  tacitly  consider  it  as  the  atmosphere  of 
the  moon. 

But  the  most  remarkable  of  all  the  appearances  were  the  red 
mountains  or  flames  apparently  projecting  from  the  circumference 
of  the  moon  into  the  inner  ring  of  the  corona,  to  the  height  of  one 
minute  of  arc  at  the  smallest  estimation,  or  a  much  greater  height 
by  other  estimations.  It  was  afterwards  discovered  that  these  had 
been  seen  before  by  Vassenius,  a  Swedish  astronomer,  who  observed 
the  eclipse  of  1733  at  Goteborg  (a  place  very  favourable  for  the  ap- 
proaching eclipse),  and  whose  account  is  given  in  the  Philosophical 
Transactions,  vol.  xxxviii.  He  terras  them  "  subrubicundae  non- 
nullse  macula?,  exti-a  peripheriam  disci  lunaris  conspecta?,  numero 
tres  aut  quatuor."  This  observation,  however,  was  not  known  to 
any  of  the  observers  in  1842,  and  all  were  therefore  taken  by  sur- 
prise. Drawings  were  exhibited  of  these  red  mountains  as  seen  at 
Perpignan,  Narbonne,  Vienna,  Pavia,  Superga,  and  Lipetsk.  It  was 
shown  that,  by  a  trace  still  visible  on  the  engraving,  the  drawing  first 
made  at  Vienna  had  coincided  very  exactly  with  that  made  at  Pavia  ; 
that  the  Xarbonne  observations  would  be  very  exactly  reconciled  with 
them  by  supposing  the  error  (very  likely  to  occur  to  unpractised 
astronomers)  of  taking  the  north  limb  to  be  the  upper  limb ;  that  at 
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Perpignan,  Superga,  Lipetsk,  the  lowest  of  the  red  prominences  was 
not  seen ;  and  that  at  Superga  and  Lipetsk  only  was  the  middle  one 
of  the  upper  prominences  seen,  though  in  several  places  an  irregular 
band  of  red  hght  had  been  seen  of  which  one  salient  point  might  be 
the  prominence  in  question.  In  all  the  places  where  the  order  of 
formation  had  been  observed,  the  same  prominence  (the  left-hand 
upper  prominence)  was  defined  as  the  first  seen.  At  Perpignan  this 
was  observed  by  M.  Mauvais  to  show  itself  first  as  a  small  point  and 
to  project  gradually  as  from  behind  the  moon.  The  discordance  in 
these  representations  did  not  appear  to  the  Lecturer  at  all  startling  ; 
it  was  not  greater  than  the  discordance  in  the  accounts  given  by  two 
good  observers  in  different  rooms  of  the  same  building  at  Padua. 

The  determination  of  the  locality  and  nature  of  these  red  promi- 
nences is  one  of  the  most  difficult  of  all  connected  with  the  eclipse. 
The  first  impression  undoubtedly  was  that  they  are  parts  of  the  sun. 
If  so,  their  height,  at  the  lowest  estimation,  is  about  thirty  thousand 
miles.  The  principal  objection,  however,  to  their  solar  location  is 
the  difference  in  their  forms  as  seen  at  different  places  :  thus  at 
Perpignan  they  are  represented  as  widest  at  the  top  ;  at  all  other 
places  they  are  widest  at  the  base.  Moreover  at  some  places,  as 
Pavia  and  Vienna,  where  they  were  seen  a  long  time,  they  under- 
went no  change ;  whereas  at  Perpignan  one  at  least  was  seen  to 
slide  out  as  from  behind  the  moon.  In  all  cases,  however,  much  is 
to  be  allowed  for  the  hurried  nature  of  the  observation. 

The  only  theory  which  has  been  formally  propounded  as  explain- 
ing them  is  that  of  M.  Faye,  who  conceives  them  to  be  the  result  of 
a  kind  of  mirage. 

The  Lecturer  explained  the  nature  of  ordinary  mirage  (the  kind  of 
reflexion  produced  by  the  hot  air  adhering  to  a  heated  surface  of 
any  solid)  and  described  the  distortion  produced  in  the  image  of  a 
star  as  seen  in  the  Northumberland  telescope  of  the  Cambridge  Ob- 
servatory, when  first  mounted  in  a  square  pyramidal  tube,  whose 
angles  were  constructed  more  solidly  than  its  sides,  reducing  the 
inner  form  to  an  octagon.  When  this  tube  had  become  warm  before 
observation  in  the  open  air,  the  angle-blocks  remained  warm  after 
the  sides  and  the  internal  air  had  become  cool,  and  a  kind  of  mirage 
was  produced  which  distorted  the  image  of  a  star  into  four  long  rays 
like  the  sails  of  a  windmill.  M.  Faye  has  particularly  adverted  to 
this  instance,  and  conceived  that  in  the  circumstances  of  our  atmo- 
sphere at  the  time  of  the  eclipse,  where  the  air  on  one  side  only  of 
the  path  of  light  is  somewhat  heated  by  the  sun,  sufficient  explana- 
tion might  be  found  for  the  distortion  of  some  inequalities  of  the 
mocn.  The  Lecturer  professed  himself  totally  unable  to  follow  this 
theory  into  details,  remarking  only  that  in  the  rapid  passage  of  the 
moon's  shadow  he  conceived  it  impossible  to  find  air  in  the  state 
required  for  the  explanation. 

The  Lecturer  then  adverted  to  that  part  of  his  subject  of  which 
all  that  had  been  already  said  was  only  introduc  tory,  namely  the 
approaching  eclipse  of  July  28.  After  quoting  an  American  news- 
paper, showing  the  great  interest  excited  by  this  eclips  e  beyond  the 
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Atlantic  as  one  of  tlie  strongest  inducements  for  Americans  to  visit 
Euroj)e  in  the  coming  summer,  he  invited  attention  to  its  course 
across  Europe.  Entering  Norway  near  Bergen,  the  shadow  crosses 
both  coasts  of  Norway,  both  coasts  of  Sweden,  and  the  eastern 
coast  of  tlie  Baltic  ;  then  ranges  through  Poland  and  the  south 
frontier  of  Russia  across  the  sea  of  Azof  through  Georgia  to  the 
Caspian  Sea.  It  passes  Christiania,  Goteborg,  Carlscrona,  Danzig, 
Konigsberg,  Warsaw,  and  Tiflis.  A  great  part  of  this  course,  espe- 
cially that  from  Bergen  to  Konigsberg,  is  very  accessible  by  sea, 
and  Warsaw  by  land.  The  Lecturer  trusted  that  many  English 
travellers  might  be  induced  to  observe  this  eclipse.  If  possible, 
stations  should  be  chosen  as  well  near  the  northern  and  southern 
boundaries  of  the  shadow  as  near  the  centre.  No  particular  skill  in 
astronomical  observation  is  required,  the  phfenomena  being  rather  of 
a  more  generally  i)hysical  kind  :  and  indeed,  as  far  as  the  observa- 
tions of  the  eclipse  of  1842  showed,  the  travelling  physicists  had 
been  more  successful  than  the  stationary  astronomers.  The  appa- 
ratus required  would  depend  on  the  special  objects  of  the  observer; 
a  telescope  and  a  watch  might  be  considered  indispensable  in  every 
case  :  for  analysis  of  light,  a  common  prit-m  and  a  polariscope  might 
be  taken  by  some  persons  :  photometry,  actinometry,  &c.,  might  be 
interesting  to  others,  and  appropriate  instruments  would  be  required  : 
other  observers  would  be  interested  in  meteorology.  The  apparatus 
which  the  lecturer  considered  it  most  important  to  perfectionate 
now,  for  use  during  the  eclipse,  is  photogenic  apparatus ;  it  would 
be  impossible  to  set  too  high  a  value  on  a  series  of  Daguerreotypes 
or  Talbotypes  of  the  sun  and  corona  taken  during  the  eclipse. 

The  Lecturer  concluded  by  saying  that  a  series  of  suggestions  for 
the  observation,  accompanied  by  a  map,  had  been  prepared  by  a 
Committee  of  which  he  is  a  member,  and  were  nearly  ready  to  leave 
the  printer's  hands  :  and  he  undertook  to  transmit  a  copy  of  these 
suggestions  to  any  person  who  would  make  application  to  him. 
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OBITUARY. RICHARD  PHILLIPS,  F.R.S.  &C. 

IT  is  our  painful  duty  to  record  the  death  of  Mr.  Richard 
^  Phillips,  on  the  11th  of  May,  after  a  short  illness,  in  the 
seventy-third  year  of  his  age.  He  has  been  one  of  the  editors 
of  this  IMagazine  from  the  time  the  Annals  of  Philosophy  were 
incorporated  with  it — of  which  latter  ])ublication  he  was  sole  Con- 
ductor from  the  year  1821.  Mr.  Phillips  first  attracted  the 
attention  of  the  scientific  world  by  his  publication  in  1805  of 
"Analyses  of  the  Bath-waters;^'  this  was  immediately  followed 
by  the  examination  of  other  mineral  waters,  and  he  continued  to 
devote  much  of  his  attention  to  this  then  untrodden  field  of  re- 
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search.  The  scientific  publications  of  that  day  contain  many  of 
his  analyses  of  rare  and  useful  minerals.  In  1817  he  was  ap- 
pointed Lecturer  on  Chemistry  at  the  London  Hospital ;  he  also 
delivered  several  courses  of  lectures  at  the  London  Institution. 
Soon  after  he  was  appointed  by  Government  Professor  of  Che- 
mistry at  the  Military  College,  Sandhurst ;  he  held  the  Chemical 
Lectureship  at  Grainger's  School  of  ^ledicine  in  Southwark  for 
many  years,  and  was  subsequently  Lecturer  at  St.  Thomas's 
Hospital.  In  1822  Mr.  Phillips  was  elected  a  Fellow  of  the 
Royal  Society,  and  published  about  this  time  a  paper  in  their 
Transactions  in  conjunction  udth  Dr.  Faraday  :  he  often  expressed 
great  pleasm-e  in  having  been  the  fii'st  to  introduce  this  distin- 
guished philosopher  to  the  Society. 

In  1824  Mr.  Phillips  published  his  first  Translation  of  the 
Pharmacopoeia  Londinensis,  and  from  the  celebrity  which  he  had 
acquired  as  a  pharmaceutical  chemist,  he  was  consulted  by  the 
College  of  Physicians,  and  employed  by  them  in  the  examination 
of  the  chemical  preparations  described  in  the  edition  of  the 
work  issued  by  that  body  in  1836,  which  he  also  translated, 
adding  copious  notes.  For  the  last  twelve  months  he  has  been 
engaged  in  further  experiments  for  the  College,  and  was  em- 
ployed on  the  evening  before  his  illness  on  his  final  work, — 
a  Translation  of  the  recently  issued  London  PharmacojKKia,  to 
which  he  had  devoted  much  time  and  labom",  having  collected 
considerable  additional  information  to  be  embodied  in  this  Trans- 
lation, a  part  of  which  has  already  passed  through  the  press 
In  1839  Mr.  Phillips  was  appointed  Cheaiist  and  Curator  to  the 
Museimi  of  Practical  Geology,  now  in  Jermj^n  Street,  which  ofiice 
he  held  at  the  time  of  his  death.  Scattered  through  the  Trans- 
actions of  the  Royal  Society  and  through  the  pages  of  the  Annals 
of  Philosophy  and  the  Philosophical  Magazine,  will  be  found  his 
numerous  contributions  to  science  :  all  the  chemical  articles  in  the 
"  Penny  Cyclopaedia  "  were  contributed  by  him. 

Richard  Phillips  was  one  of  the  original  founders  of  the  Geo- 
logical Society,  the  intimate  friend  of  Davy  and  Wollaston,  and 
enjoyed  the  personal  friendship  and  esteem  of  the  most  celebrated 
continental  chemists.  He  was  for  many  years  a  member  of  the 
Council  of  the  Eoyal  Society,  and  for  the  last  two  years  President 
of  the  Chemical  Society.  He  has  departed  from  among  us,  after 
a  long  and  active  life,  beloved  and  respected  by  all  who  knew  him. 
His  remains  were  deposited  at  the  Cemetery  at  Norwood,  many 
of  his  scientific  friends  attending-. 
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0\  THE  POLARIZATION  OF  THE  CHEMICAL  RAYS  WHICH  EXIST  IN 
SOLAR  LIGHT.       «Y   PROF.  E.   WARTMAXN. 

It  is  well  known  that  physicists  have  found  in  the  solar  spectrum, 
produced  by  means  of  a  good  prism,  three  orders  of  radiations  which 
are  in  part  superposed,  the  calorific,  the  colorific  or  luminous,  and 
the  chemical.  The  rays  of  the  two  first  orders  are  susceptible  of 
polarization*,  and  consequently  of  extinction.  But  the  chemical 
rays  have  not  been  examined  in  this  respect ;  and  the  following  ex- 
periments, made  with  the  aid  of  a  skilful  artist  of  Lausannef,  will 
help  to  supply  this  deficiency.  They  were  made  on  August  27,  1850, 
from  2  to  3  o'clock  in  the  afternoon,  with  a  warm  day  and  a  clear  sky. 

The  polarizer  was  a  Nicol's  prism,  086  millim.  long,  0'036  millim. 
and  0028  millim.  wide.  It  was  contained  in  a  tin  tube  blackened 
inside.  Another  similar  tube  contained  the  analyser,  another  Nicol's 
prism,  0'07  millim.  long,  and  the  diagonals  of  which  measured  0'03 
millim.  and  0'023  millim.  The  two  tubes,  the  total  Jength  of  which 
Avas  one  metre,  turned  one  in  the  other,  and  intercepted  all  light  except 
that  which  was  to  be  examined. 

First  Experiment. — A  prepared  plate  coated  with  silver  was  ex- 
posed to  the  vapour  of  iodine,  afterwards  to  that  of  bromide  of  lime, 
and  again  to  that  of  iodine.  It  thus  acquires  an  exquisite  photo- 
graphic sensitiveness.  It  was  employed  in  taking  a  Daguerreotype 
portrait.  The  person  who  sat  was  in  the  shade.  Against  the  exter- 
nal surface  of  the  object-glass  of  the  camera  obscura,  the  two  prisms 
had  been  arranged,  the  principal  sections  of  which  formed  an  angle 
of  45°.  The  impression  obtained  at  the  end  of  eighty  seconds  was 
very  clear  and  distinct. 

Second  Experiment. — A  silvered  plate  submitted  to  the  same  pro- 
cess was  substituted  for  the  first.  The  principal  sections  of  the 
prisms  were  at  right  angles.  After  three  minutes'  exposure  the  effect 
was  absolutely  null. 

Third  Experiment. — Instead  of  the  person  a  lithograph  was  placed 
in  the  sun  on  a  plane  nearly  perpendicular  to  the  rays  which  illu- 
mined it.  The  experiment  was  continued  for  seven  minutes,  but  the 
effect  was  still  null. 

Fourth  Experiment. — It  was  proved  that,  on  the  contrary,  an  ex- 
posure of  four  minutes,  under  the  same  conditions,  gave  a  very  visible 
image,  when  the  angle  of  the  principal  sections  was  only  70°. 

It  results  from  these  experiments,  that  the  chemical  are  polarized 
like  the  luminous  and  the  calorific  rays  under  similar  conditions. 
The  first  were  extinguished  with  the  second  ;  it  was  out  of  the  ques- 
tion to  employ  them  to  obtain  photogenic  impressions  of  beings, 
who,  being  unable  to  endure  the  brilliancy  of  the  light,  would 
have  been  exposed  to  the  factitious  shadow  of  a  proper  analyser. — 
Bibliothiqve  Universelle  de  Geneve,  November  1850. 

*  I  discovered  tweutv  months  ago,  that  the  atmospheric  heat  due  to  the 
sun  is  polarized  exactly  like  the  light  which  conies  to  us  from  that  planet. 
The  second  part  of  the  twelfth  volume  of  the  Memoirs  of  the  Societe  de 
Physique  et  d'Histoire  Naturelle  de  Geneve,  now  in  the  press,  contains  the 
details  of  my  researches  on  this  subject. 

t  M.  Heer,  brother  of  the  celebrated  professor  of  the  University  of  Zurich. 
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ON  THE  QUANTITATIVE  ESTIMATION  OF  MANGANESE. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
Perhaps  the  following  facts  may  facilitate  the  quantitative  esti- 
mation of  manganese.  I  find,  contrary  to  what  is  stated  in  works 
on  chemical  analysis,  that  carbonate  of  manganese  is  not  decom- 
posable at  ordinary  temperatures  by  the  oxygen  of  the  atmosphere, 
but  remains  permanently  white  if  it  have  been  precipitated  without 
an  excess  of  carbonate  of  potash  or  carbonate  of  soda.  When  an 
excess  of  either  of  these  reagents  is  used  in  its  precipitation,  the 
excess  of  the  alkali  decomposes  a  portion  of  the  metallic  carbonate, 
and  becomes  a  sesqui-  or  a  bicarbonate.  If  a  bicarbonate  of  the 
alkali  be  used  to  precipitate  carbonate  of  manganese,  the  precipitant 
may  be  added  in  excess  and  the  precipitate  exposed  to  the  air  with 
impunity.  Manganese  resembles  the  magnesian  class  of  metals  in 
its  carbonate  being  undecomposable  by  caustic  ammonia ;  hence 
either  of  the  carbonates  of  the  volatile  alkali  may  be  used  with  eiFect 
to  precipitate  a  carbonate  of  manganese  that  will  remain  persistent  in 
the  atmosphere.  Carbonate  of  manganese,  when  exposed  to  any 
high  temperature  approaching  near  to  redness,  passes  at  once  into 
the  black  oxide  without  apparently  going  through  any  intermediate 
state  of  oxidation. 

I  remain,  &c. 

Richard  Laming, 


REMARKS  UPON  A  RECENTLY  FOUND  MASS  OF  METEORIC  IRON. 
BY  G.  ROSE. 

In  the  spring  of  1850,  during  the  leveling  of  a  sandy  hill  for  the 
railroad  on  the  left  bank  of  the  Blackwater  near  Schwetz  on  the 
Vistula,  a  mass  of  iron  was  found  about  four  feet  beneath  the  surface 
of  the  soil  at  the  junction  of  the  upper  sand  with  the  subjacent  loam. 
The  mass  of  iron  was  somewhat  fissured,  and  a  small  portion  could 
be  broken  off  without  difficulty,  which,  to  be  certain  that  it  consisted 
of  iron,  was  forged.  The  rest  was  cleft  into  pieces  at  Schwetz. 
After  the  mass  had  been  recognized  as  meteoric  iron,  the  whole  was 
sent  to  Berlin.  The  separate  portions,  when  rearranged,  still  exhibit 
the  original  form  of  the  mass,  which  is  somewhat  that  of  a  rectan- 
gular prism,  completely  rounded  off  at  the  edges.  The  height  of 
this  prism  was  about  9  Prussian  inches,  the  sides  of  the  base  5^  and 
4  inches,  the  longitudinal  circumference  24  inches,  and  the  breadth 
17|^  inches.  A  fissure  which  traversed  the  fragments  runs  nearly 
parallel  to  a  plane,  passing  through  the  diagonally-opposite  longest 
edges  of  the  base.  The  weight  of  the  entire  mass  was  43  lbs.  4  oz. 
The  outer  sides  of  the  fragments  are  rounded  and  coated  with  hy- 
drated  oxide  of  iron  ;  the  internal  surfaces,  which  formed  the  sur- 
faces of  old  fissures,  were  also  oxidized  ;  but  in  parts  the  fracture 
was  jagged.  One  of  the  surfaces  of  section  has  been  polished  and 
etched,  and  now  exhibits  very  beautiful  Widmannstattean  figures. 
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which  have  the  closest  possible  resemblance  to  those  of  the  meteoric 
iron  of  Texas.  It  also  shows  numerous  large  and  small  intermixed 
grains  of  sulphuret  of  iron,  which  during  the  corrosion  gave  off  the 
odour  of  sulphuretted  hydrogen.  Some  chemical  experiments  made 
by  the  author  have  proved  that  it  contains  nickel :  the  exact  com- 
position will  be  yielded  by  its  analysis,  which  Ramraelsberg  has 
undertaken.^ — Bericht  d.  Academ.  d.  Wissensch.  zu  Berlin,  1851, 
p. 104-106. 


METHOD  OF  OBTAINING  OXYGEN  FROM  ATMOSPHERIC  AIR, 
BY  M.  BOUSSINGAULT. 

Lavoisier  resolved  atmospheric  air  into  its  constituents  by  keeping 
a  confined  portion  for  twelve  days  in  contact  with  mercury  heated 
nearly  to  its  boiling-point.  Boussingault  has  attempted  to  use  baryta 
for  the  purpose  of  extracting  the  ox}'gen  from  the  atmospheric  mix- 
ture in  larger  proportion.  The  method  is  simple ;  the  air  is  con- 
ducted over  pieces  of  baryta  at  a  dark  red  heat  until  it  has  become 
converted  into  peroxide  of  barium  ;  the  oxygen  is  subsequently  again 
expelled  by  the  application  of  a  more  intense  heat.  The  moisture 
and  carbonic  acid  usually  present  in  the  air  do  not  materially  interfere 
with  the  process.  The  baryta,  however,  contained  so  much  alumina 
and  silica,  that  after  repeated  use  it  became  caked,  and  hence  no 
longer  of  any  use.  Pure  baryta  was  free  from  this  inconvenience. 
According  to  Boussingault,  on  the  large  scale,  on  using  10  kilo- 
grammes of  baryta,  which  absorb  730  litres  of  oxygen,  and  should 
again  part  with  it,  600  litres  is  the  quantity  always  obtained  in 
practice.  Hence  with  furnaces  in  which  100  kilogrammes  of  baryta 
distributed  in  S  to  10  tubes  can  be  heated  at  once,  from  24,000  to 
30,000  litres  of  oxygen  may  be  produced  in  twenty-four  hours. — 
Comptes  Rendus,  vol.  xxxii.  pp.  266,  267. 


ON  GILDING  PORCELAIN. 

In  Paris  a  method  of  gilding  porcelain  is  at  present  practised 
which  is  very  economical,  as  the  gold  can  be  applied  in  very  thin 
layers.  The  gilding,  however,  is  not  very  permanent.  The  me- 
thod consists  in  precipitating  the  gold  from  its  solution  in  aqua 
regia  by  protonitrate  of  mercury,  and  then  mixing  it  with  basic  nitrate 
of  bismuth.  In  other  respects  the  usual  proceeding  is  adopted.  To 
render  the  gilding  more  durable,  M.  Grenon  recommends  a  layer  to 
be  previously  burnt  in  ;  this  is  then  polished,  and  a  second  thin  layer 
applied  upon  it  in  the  above  manner. — Gewerbeblatt  aus  Wiirtemberg, 
1851,  No.  6,  pp.  46,  47. 


SEPARATION  OF  THE  PROTOXIDE  AND  PEROXIDE  OF  COPPER. 
BY  H.   ROSE. 

The  protoxide  of  copper  is  not  precipitated  from  its  solution  in 
hydrochloric  acid  by  carbonate  of  baryta.     Hence  it  is  a  powerful 
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base,  and  may  be  separated  from  the  oxide  of  copper  and  other  weak 
bases  b)-  carbonate  of  baryta,  in  which  process,  however,  the  oxida- 
tion of  the  protoxide  of  copper  must  be  carefully  prevented.  This 
method  of  separation  is  especially  applicable  in  the  analysis  of  the 
remarkable  double  salt  consisting  of  sulphurous  acid  combined  with 
the  protoxide  and  peroxide  of  copper.  The  composition  of  this  salt, 
which  has  been  examined  by  Fourcroy,  Vauquelin,  Chevreul,  Ber- 
thier  and  Aluspratt,  was  first  correctly  determined  by  Rammelsberg, 
who  did  not  overlook  the  protoxide  of  copper  contained  in  it. — Bericht 
der  Academ.  der  Wissenschaft .  zu  Berlin,  1851,  p.  102. 


METEOROLOGICAL  OBSERVATIONS  FOR  APRIL   1851. 

C/iiswick. — April  1.  Very  fine.  2.  Slight  rain.  3.  Cloudy  :  fine:  rain.  4,5. 
Fine  :  sharp  frost  at  nights.  6.  Cloudy  :  clear  and  frosty  at  night.  7.  Cloudy 
and  cold.  8.  Showery.  9.  Cold  rain  :  clear  and  frosty.  10.  Densely  clouded. 
11.  Heavy  clouds.  12.  Fine  :  cloudy.  13.  Cloudy  :  clear  :  slight  frost.  14. 
Cold  haze.  15.  Uniform  haze.  16.  Slight  haze  :  heavy  rain.  17.  Cloudy  and 
mild  :  showery.  18.  Cloudy.  19.  Very  fine.  20.  Very  fine  :  rain  at  night. 
21.  Cloudy:  rain,  22.  Rain.  23.  Very  fine.  24.  Slight  haze:  clear.  25.  Cold 
haze  :  cloudy  :  clear.  26.  Foggy  :  very  fine  :  frosty  at  night.  27.  Cloudy  and 
cold  :  clear  and  frosty.  28,  Very  fine.  29.  Showery:  clear  and  frosty. — 30.  Fine: 
showery  :  frosty. —  Fourteen  nights  in  this  month  were  more  or  less  frosty. 

Mean  temperature  of  the  month     44°'56 

Mean  temperature  of  April  1850  48  '41 

Mean  temperature  of  April  for  the  last  twenty-five  years  ...  47  "43 
Average  amount  of  rain  in  April  1*64  inch. 

Boston. — April  1.  Cloudy  :  rain  a.m.  and  p.m.  2.  Rain  :  rain  a.m.  3.  Cloudy  : 
rain  P.M.  4,5.  Cloudy.  6,7.  Fine.  8.  Fine:  rain  p.m.  9.  Rain:  rain  a.m. 
10.  Fine:  rain  A.M.  11 — 16.  Cloudy.  17.  Cloudy  :  rain  early  a.m.  18.  Cloudy  : 
rain  P.M.  19.  Fine.  20.  Fine:  rain  p.m.  21,  22.  Cloudy,  23 — 25,  Fine. 
26.  Fine  :  rain  p.m.  27.  Cloudy.  28.  Fine.  29,  Rain  a.m.  and  p.m.  30.  Cloudy  ; 
rain  a.m. 

Applegarth  Manse,  Dumfries-shire. — April  1,  Fair  but  cloudy,  2.  Dull  and 
showery.  3.  Fair  and  fine  :  very  mild  p.m.  4.  Fair  and  fine.  5.  Fair  a.m.  :  a 
few  drops  P.M.  6.  Fair  and  fine.  7,  Fair  :  dull.  8,  Fair  :  clear  p.m.  9.  Fair: 
gray  :  cold.  10.  Frost  hard  :  clear  and  fine.  11,  Frost :  dull :  clear  p.m.  12. 
Cold,  but  not  frost :  a  few  drops.  13.  Frost  gentle  :  cold  p.m.  14.  Frost  keen  : 
droughty.  15.  No  frost  :  cold  and  dry  :  a  few  drops.  16.  Frost  again  :  keen  : 
cloudy  P.M.  17.  Heavy  rain  nearly  all  day,  18.  Rain  :  very  beneficial,  19, 
Frequent  showers  p.m.  20.  Fair  till  nine  p.m.  :  rain.  21.  Fair  all  daj',  but 
cloudy.  22.  Showers  a,m,  and  p.m.  23.  Remarkably  fine  day,  24.  Re- 
markably fine  day :  thunder.  25.  Thunder  again  :  a  fevi  drops.  26.  Slight 
shower  of  snow  :  rain  p.m.  27.  Slight  shower  of  snow  :  frost  a.m.  28.  Frost: 
a  few  drops  of  rain  p..m,  29.  Cold  :  keen  :  frequent  showers  :  thunder  :  sleet  on 
hills.     30.   Cold,  but  no  frost :   a  few  drops. 

Mean  temperature  of  (he  month     43'''7 

Mean  temperature  of  April  1850  46  "S 

Mean  temperature  of  April  for  twenty-nine  years  44  -S 

Average  rain  in  April  for  twenty-four  years    1-81  inch. 

Sandwich  Manse,  Orkney. — April  1,  Cloudy.  2.  Clear  :  fine  a.m.  3.  Fine  a.m. 
4,5,  Fine.  6,  Drops:  fine  :  drops  7.  Fine,  8,  Fine:  cloudy.  9 — 12.  Fine. 
13.  Drops  :  drizzle  :  showers,  14 — 16.  Cloudy.  17.  Bright :  cloudy.  18,  Fog: 
showers.  19.  Bright :  clear  a,  Nr,  20.  Cloudy.  21.  Drops:  rain  ;  clear,  22, 
Cloudy  :  showers  :  clear.  23.  Drizzle  :  showers  ;  clear.  24,  Cloudy  :  damp, 
25,  Cloudy  :  sleet-showers.  26,  27.  Sleet-showers  :  hail-showers.  28.  Sleet- 
showers.     29.  Rain  :  cloudy.     30,  Clear  :  rain. 
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LXXIV.  On  the  Theory  of  Probabilities,  and  in  particular  on 
MitchelPs  Problem  of  the  Distribution  of  the  Fixed  Stars.  By 
George  Boole,  Professor  of  Mathematics  in  Queen's  College, 
Cork*. 

To  the  Editors  of  the  Philosophical  Magazine  and  Jownal. 

Gextlemex, 

MY  attention  has  lately  beeu  directed  to  a  commuuication  by 
Professor  Forbes,  in  the  Philosophical  ]\Iagazine  for  De- 
cember 1850,  entitled  "  On  the  alleged  Evidence  for  a  Physical 
Connexion  between  Stars  forming  Binary  or  ^lultiple  Groups, 
deduced  from  the  Doctrine  of  Chances."  I  have  read  Professor 
Forbes's  observations  vrith.  great  care  and  interest ;  and  desire, 
both  because  the  subject  of  them  is  important,  and  because  it  is 
closely  related  to  a  class  of  speculations  in  the  pursuit  of  which 
I  have  long  been  engaged,  to  offer  a  few  remarks  which  have 
been  suggested  to  me  by  the  perusal  of  the  paper. 

I  agree  with  Professor  Forbes  in  thinking  that  "  any  abuse  of 
the  mathematical  sciences,  such  as  to  give  definite  demonstra- 
tions and  results  when  no  such  demonstrations  and  results  can 
in  the  natm'e  of  things  be  legitimately  obtained,  tends  to  weaken 
our  confidence  in  mathematical  conclusions  generally ; "  and  I 
also  agree  with  him  that  the  evidence  for  final  causes  is  of  such 
a  nature  that  "  all  attempts  to  base  the  proof  of  design  on  strictly 
a  priori  and  geometrical  ground  should  be  received  XN^ith  scnipu- 
lous  caution."  May  I  add,  that  in  calling  the  attention  of  mathe- 
maticians to  a  supposed,  and  I  think  also  real  discrepancy  be- 
tween an  alleged  result  of  their  science  and  the  conclusions  of 
common  sense,  Professor  Forbes  appears  to  me  to  have  deserved 
their  thanks  ?  No  one  who  values  the  science  of  mathematics 
upon  the  only  just  ground  of  estimation,  as  an  instrument  for 
the  discovery  of  truth,  can  desire  to  shield  its  conclusions  from 
the  severest  scrutiny  of  reason.  To  endeavour  to  do  this  would 
either  be  to  set  the  means  above  the  end,  or  it  would  be  to  con- 

*  Communicated  bv  the  Author. 
Phil.  Mag.  S.  4.  No.  7.  Suppl.  Vol.  1.  2  N 
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fess  (by  implication)  that  there  is  some  essential  want  of  har- 
mony among  the  intellectual  powers.  Upon  either  of  these 
grounds,  and  more  especially  upon  the  latter,  this  whole  question 
appears  to  me  to  deserve  the  most  careful  examination.  It  would 
be  no  rash  assertion  to  say,  that  it  is  of  far  less  importance  to 
know  whetlier  an  a  priori  argument  for  the  physical  connexion 
of  the  double  stars  is  valid,  than  it  is  to  know  whether  the  human 
mind  is  so  constituted  as  to  become  of  necessity  the  sport  of  its 
own  inconsistencies. 

Let  us  consider,  first,  what  is  the  proper  statement  of  the 
problem  considered  by  Mr.  Mitchell;  secondly,  whether  that 
problem  admits  of  solution  on  the  principles  of  the  theoiy  of 
probabilities. 

Mr.  ]\Iitchell  assumes  it  as  a  fit  expression  of  the  idea  of  a 
distribution  of  the  stars  over  the  sky  "by  mere  chance,"  that 
any  star  is  as  likely  to  be  found  in  any  one  spot  of  the  heavens 
as  in  any  other.  Supposing  then  that  there  are  230  stars  equal 
in  brightness  to  /3  Capricorni,  he  estimates  the  probability,  that 
iipon  the  above  principle  of  distribution  no  such  double  star 
would  appear  in  the  heavens  as  /3  Capricorni  to  be  about  80  to  1. 
From  this,  and  from  similar  calculations  relating  to  the  Pleiades, 
and  from  the  extension  of  "  the  same  argument  to  the  smaller 
stars  as  well  as  those  which  are  collected  together  in  clusters, 
such  as  the  Pr?esepe  Cancri,  the  nebula  in  the  hilt  of  Perseus's 
Sword, Sec.,  as  to  those  stars  which  appear  double,  treble,  &c.  when 
seen  through  telescopes,"  he  thinks  it  may  be  concluded  with 
"the  highest  probability  (the  odds  against  the  contraiy  opinion 
being  many  million  millions  to  one)  that  the  stars  are  really  col- 
lected in  clusters  in  some  places  where  they  form  a  kind  of 
system,  while  in  others  there  are  either  few  or  none  of  them ;  to 
whatever  cause  this  may  be  owing,  whetlier  to  their  mutual  gra- 
vitation, or  to  some  other  law  or  appointment  of  the  Creator." 

It  is  impossible  to  reason  upon  chance.  With  reference  to  the 
phpenomena  of  material  nature,  the  idea  of  universal  causation 
seems  to  be  interwoven  in  the  very  texture  of  our  minds.  Dis- 
missing the  idea  of  chance,  let  us  then  consider  the  meaning  of 
the  assumption  that  it  is  as  likely  that  a  particular  star  will  be 
found  in  one  spot  of  the  sky  as  in  another.  Such  a  principle 
would,  as  implied  by  Prof.  Forbes,  be  a  legitimate  expression  of 
the  hypothevis,  that  the  distribution  of  the  stars  has  been  effected 
according  to  a  law  or  manner,  of  the  consequences  of  which  we 
should  be  unable  to  form  any  opinion.  The  proper  statement 
of  Mr.  INIitchelPs  problem,  as  relates  to  /3  Capricorni,  would 
therefore  bo  the  following  : — 

1 .  Upon  the  h^^^othesis  that  a  given  number  of  stars  have  been 
distributed  over  the  heavens  according  to  a  law  or  manner  whose 
consequences  we  should  be  altogether  unable  to  foretell,  what  is 
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the  probability  that  such  a  star  as  /3  Capricomi  would  nowhere 
be  found  ? 

2.  Such  a  star  as  /3  Capricomi  having  been  found,  what  is 
the  probabihty  that  the  law  or  manner  of  distribution  was  not 
one  whose  consequences  we  should  be  altogether  unable  to  fore- 
tell ? 

The  first  of  the  above  questions  certainly  admits  of  a  perfectly 
definite  numerical  answer.  Let  the  value  of  the  probability  in 
question  be  p.  It  has  then  generally  been  maintained  that  the 
answer  to  the  second  question  is  also  p,  and  against  this  view 
Prof.  Forbes  justly  contends.  I  am  not  sure  that  the  abstract 
of  Mitchell's  paper  which  I  have  consulted  warrants  the  conclu- 
sion that  he  held  precisely  this  opinion ;  but  it  has  been  a  pre- 
valent one,  and  to  Prof.  Forbes  belongs  the  honour  of  having 
first  called  it  iu  question.  Although  the  source  of  the  fallacy  is 
not  a  matter  of  much  importance,  I  will  venture  to  offer  an  ex- 
planation of  it  somewhat  different  from  that  of  Prof.  Forbes. 

Let  us  state  Mr.  Mitchell^s  problem,  as  we  may  now  do,  in 
the  following  manner  : — There  is  a  calculated  probability  p  in 
favour  of  the  truth  in  a  particular  instance  of  the  proposition. 
If  a  condition  A  has  prevailed,  a  consequence  B  has  not  occurred. 
Required  the  similar  probability  for  the  proposition.  If  a  con- 
sequence B  has  occuiTcd,  the  condition  A  has  not  prevailed. 

Now  the  two  propositions  are  logically  connected.  The  one 
is  the  "negative  conversion ^^  of  the  other;  and  hence  if  either 
is  ii'ue  universally,  the  other  is  so.  It  seems  hence  to  have  been 
inferred,  that  if  there  is  a  probability^  in  a  special  instance  in 
favour  of  the  former,  there  is  the  same  probability  p  in  favour'  of 
the  latter.  But  this  inference  would  be  quite  erroneous.  It 
would  be  an  eiTor  of  the  same  kind  as  to  assert  that  whatever 
probability  there  is  that  a  stone  arbitrarily  selected  is  a  mineral, 
there  is  the  same  probability  that  a  mineral  arbitrarily  selected 
is  a  stone.  But  that  these  probabilities  are  different  will  be  evi- 
dent from  their  fractional  expressions,  which  are — 

Number  of  stones  which  are  minerals 
Number  of  stones 
„     Number  of  non-minerals  which  are  not  stones 
Number  of  non-minerals 
It  is  true  that  if  either  of  these  fractions  rises  to  1,  the  other 
does  also ;  but  other\vise  they  will  in  general  differ  in  value. 

Does  then  the  problem,  as  above  stated,  admit  of  solution  ? 
I  do  not  say  of  such  solution  as  will  throw  light  upon  the  con- 
stitution of  the  heavens,  but  of  such  solution  as  will  relieve  from 
all  suspicion  of  inconsistency  the  theoiy  of  probabilities. 

In  reply  to  this  question,   I  shall  give  some  account  of  a 
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method  of  which  1  have  been  in  possession  for  a  considerable 
period,  and  which  appears  to  me  to  answer  all  the  requirements 
of  a  general  method.  Of  the  particular  question  which  is  more 
immediately  before  us  I  shall  present  a  solution  to  which  that 
method  conducted  me  about  two  years  ago,  and  from  which  I 
was  led  to  take  that  view  of  the  nature  of  the  fallacies  exposed 
in  the  preceding  pages  whicli  I  have  endeavoured  to  exhibit. 

Although  the  immediate  business  of  the  theoiy  of  probabilities 
is  with  the  frequency  of  the  occurrence  of  events,  and  although 
it  therefore  borrows  some  of  its  elements  from  the  science  of 
number,  yet  as  the  expression  of  the  occurrence  of  those  events, 
and  also  of  the  relations,  of  whatever  kind,  which  connect  them, 
is  the  office  of  language,  the  common  instrument  of  reason,  so 
the  theory  of  probabilities  must  bear  some  definite  relation  to 
logic.  The  events  of  which  it  takes  account  are  expressed  by 
propositions ;  their  relations  are  involved  in  the  relations  of  pro- 
positions. Regarded  in  this  light,  the  object  of  the  theory  of 
probabilities  may  be  thus  stated  ; — Given  the  separate  probabili- 
ties of  any  propositions  to  find  the  probability  of  another  propo- 
sition. By  the  ])robability  of  a  proposition,  I  here  mean,  ac- 
cording to  previous  definition,  the  probability  that  in  any  parti- 
cular instance,  arbitrarily  chosen,  the  event  or  condition  which 
it  affirms  will  come  to  ])ass. 

In  confirmation  of  this  view,  let  it  be  remarked,  that  as  simple 
events  are  expressed  by  simple  propositions,  so  combinations  of 
events  are  expressed  by  compound  propositions,  i.  e.  by  proposi- 
tions expressing  some  logical  connexion  among  the  simple  pro- 
positions which  they  involve.  Upon  the  nature  of  that  connexion 
depends  the  mode  in  which  the  probability  of  the  compound 
event  represented  is  derived  from  the  probabilities  of  the  simple 
events.  The  relation  of  cause  and  eflPect  may,  in  like  manner,  be 
resolved  into  the  relation  of  the  terms  of  a  conditional  proposition. 
With  any  metaphysical  inquiries  into  the  nature  and  the  source 
of  that  relation  we  are  not  concerned.  The  above  and  similar 
instances  justify  the  assertion,  that  the  subject  of  the  theory  of 
probabilities  is  coextensive  with  that  of  logic,  and  that  it  recog- 
nizes no  relations  among  events  but  such  as  are  capable  of 
being  expressed  by  propositions.  We  may  carry  this  reasoning 
one  step  further.  Our  data  are  the  probabilities  of  propositions. 
That  which  we  seek  to  determine  is  also  the  probability  of  a 
proposition.  Now,  every  proposition  may  be  considered  with 
reference  either  to  its  matter  or  to  its  fonn.  \\i\.\\  the  matter  of 
propositions  however  we  have  no  concern,  for  it  imports  not 
what  kinds  of  events  they  arc  whose  occurrence  is  asserted  in  the 
given  premises.  There  remains  then  but  the  form  to  be  con- 
sidered, the  mere  logical  connexion.     Hence  it  may  be  inferred 
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that  the  dependence  of  tlie  numerical  value  of  the  probability 
sought  upon  the  numerical  values  of  the  probabilities  given,  is 
founded  solely  on  the  logical  connexion  of  the  propositions.  Or 
the  principle  may  be  thus  stated  : — The  probability  sought  is  a 
function  of  the  probabilities  given  ;  but  the  form  of  that  function 
depends  only  upon  the  logical  connexion  of  the  proposition  whose 
probability  is  sought  with  those  propositions  whose  pi'obabilities 
are  given.  There  are  then  two  conditions  necessaiy  toward  the 
construction  of  a  perfect  method  for  the  calculus  of  probabilities: — 

1.  The  prior  construction  of  a  general  method  for  determining 
the  logical  dependence  of  any  proposition  upon  another  given 
proposition,  or  set  of  propositions. 

2.  The  deduction  from  that  expression  of  the  corresponding 
relation  among  their  probabilities. 

Let  us  consider  these  objects  in  succession. 

1.  In  a  hasty  and  (for  this  reason)  regretted  publication,  en- 
titled "  The  Mathematical  Analysis  of  Logic,^^  and  in  a  paper 
published  in  the  Cambridge  JNIathematical  Journal,  entitled  "  The 
Calculus  of  Logic,"  I  have  stated  certain  general  laws  of  thought, 
mathematical  in  their  expression,  and  constituting,  as  I  believe, 
the  true  basis  of  formal  logic.  The  actual  development  of  those 
laws  in  the  works  referred  to  is  far  too  imperfect  to  meet  the  re- 
quii'ements  of  the  case  now  under  our  consideration.  But  that 
imperfection  does  not  apply  to  the  laws  themselves.  The  results 
of  subsequent  investigations  authorize  me  to  say  that  there  exists 
a  general  method,  enabling  us  not  only  to  educe  any  of  the  con- 
sequences of  a  system  of  propositions,  but  also  to  express  in  a 
scientific  form  and  order  the  connexion  which  any  proposed  pro- 
position bears  to  any  other  proposition,  or  system  of  propositions. 
It  is  not  needful  that  I  should  here  fully  explain  how  it  is  that 
a  logical  dependence  of  this  nature  can  exist  where  propositions 
appear  to  be  wholly  or  quite  unconnected.  But  I  may  remark, 
that  by  the  very  conditions  of  thought  there  arise  certain  rela- 
tions necessaiy  a  priori,  e.  g.  the  so-called  principle  of  contradic- 
tion, "Tracrcov  ^e/SaiOTart]  roov  apyjav^'^  the  principle  that  a  pro- 
position is  true  or  false,  &c.,  that  these  are  implicitly  involved 
in  the  fundamental  laws  of  the  method,  and  that  they  render 
possible  the  expression  of  the  relation  sought.  By  the  solution 
thus  obtained,  the  first  object  which  we  have  in  view  may  in  all 
cases  be  accomplished. 

2.  The  result  at  which  we  shall  thus  have  an-ived  will  express 
the  logical  dependence  of  om-  final  proposition  upon  those  which 
are  involved  in  the  premises  of  the  inquiiy.  It  is,  as  has  been 
said,  an  equation  whose  symbols  are  logical — they  relate  to 
events,  not  to  numerical  magnitudes.     But  at  the  same  time  they 
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are  subject  to  most  of  the  laws  of  the  symbols  of  arithmetical 
quantity,  satisfying  however  a  peculiar  law,  to  which  the  symbols 
of  quantity,  as  such,  are  not  subject.  Now  I  have  ascertained 
that  in  the  formal  relations  which  thus  assimilate  the  laws  of 
thought  in  logic  with  the  laws  of  thought  in  arithmetic,  lies  the 
basis  of  a  new  and  general  theory  of  probabilities.  Accordingly, 
from  the  purely  logical  equation  to  which  the  present  application 
of  our  analysis  has  conducted  us,  there  results  a  system  of  alge- 
braic equations  determining  the  numerical  value  of  the  proba- 
bility sought. 

To  give  some  idea  of  the  generality  of  this  method,  I  shall 
add  a  brief  account  of  some  of  the  results  to  which  I  have  been 
led  by  its  application. 

The  received  theoiy  of  probabilities  is,  so  far  as  it  is  a  general 
theory,  essentially  based  upon  the  hypothesis  that  the  probabi- 
lities given  are  those  of  independent  simple  events.  To  meet  a 
few  of  the  cases  in  which  this  hj^othesis  is  not  realized,  Laplace 
has  stated,  partly  as  his  own  and  partly  as  the  resvdt  of  the  in- 
vestigations of  others,  certain  supplementary  principles,  of  which 
he  also  makes  frequent  use.  These  relate  to  such  questions  as 
the  following :  viz.  the  relative  probabilities  of  causes  deduced 
from  the  probabilities  of  an  observed  event  upon  the  several 
hypotheses  of  the  different  causes  operating  separately ;  the  pro- 
babihty  of  a  future  event  deduced  from  the  probabilities  of  its 
separate  possible  causes,  and  the  probabilities  of  its  following 
those  separate  causes,  &c.  I  have  verified  the  whole  of  Laplace^s 
general  principles  of  this  natm*e  by  the  apphcation  of  the  method 
above  referred  to. 

I  have  applied  it  to  a  considerable  number  of  questions,  to 
which,  as  it  appears  to  me,  the  received  theory  is  in  its  present 
state  inapplicable.  The  necessity  for  a  more  general  theory  is, 
I  conceive,  founded  on  this  circumstance;  that  observation, 
especially  of  social  phsenomena,  does  not  in  general  present  to 
us  the  probabilities  of  simple  events,  but  of  events  occurring,  in 
particular  connexions,  whether  of  causation  or  of  coincidence. 
To  such  cases  the  method  I  am  describing  is  peculiarly  appli- 
cable^ inasmuch  as  it  imposes  no  restriction  upon  either  the 
number  or  the  nature  of  the  data.  If  the  data  are  insufficient 
for  the  definite  numerical  determination  of  the  probability  sought, 
the  solution  involves  arbitrary  constants.  These  ex])ress  certain 
unknown  probabilities,  which  are  to  be  determined  from  further 
experience.  Their  interpretation  is  given,  and  hence  the  nature 
of  that  experience  determined,  by  refening  to  the  final  step  of 
the  logical  solution.  But  it  does  not  hence  follow,  that,  when 
the  experience  cannot  be  obtained,  the  solution  is  useless ;  for 
by  giving  to  the   constants  theii-  extreme  values  0  and  1,  we 
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obtain  two  definite  limits,  within  which  the  probability  sought 
mtcst  lie  independently  of  all  further  results  of  experience.  The 
extreme  case  is  that  in  which  the  proposition,  whose  probability 
is  sought,  has  no  logical  connexion  whatever  with  the  premises. 
Even  then  the  method  does  not  fail.  The  final  expression  con- 
sists of  a  series  of  terms,  each  multiplied  by  an  arbitrary  con- 
stant, and  the  nature  of  the  experience  by  which  the  constants 
are  to  be  determined  is  assigned ;  but  in  the  absence  of  that  ex- 
perience, the  limiting  values  of  the  series  are  0  and  1.  As  a 
general  example  of  the  method  I  wiU  take  the  following  case. 
I  suppose  that,  from  observations  made  upon  the  health  of  a 
district  dm-ing  a  period  of  sickness,  it  appeared  that  a  portion  of 
the  houses  represented  by  the  fraction  p  were  visited  by  fever ; 
a  portion  represented  by  the  fraction  q  by  cholera ;  and  a  por- 
tion represented  by  the  fraction  r  were  free  from  both  these 
diseases,  and  at  the  same  time  in  a  proper  sanitaiy  condition  as 
respects  cleanliness  and  ventilation  :  required  the  probability 
that  any  house  taken  at  random  was  in  a  defective  sanitary 
condition. 

The  solution  of  this  problem  would  be  sufficiently  simple  if 
we  were  permitted  to  assume  that  the  three  events  represented 
by  the  presence  of  fever  in  a  house,  the  presence  of  cholera,  and 
the  prevalence  of  a  defective  sanitary  condition,  were  independent 
of  each  other.  This,  however,  we  have  no  right  to  assmne.  The 
solution  must  be  sought  for  on  other  principles.  The  following 
is  the  result  to  which  the  general  method  conducts  me. 

Probability  sought 

_{l~p-r){l-q-r}  ,    ,    q{l-p-r) 

r^  ^''^''''  1-r       ' 

c  and  (/  being  arbitraiy  constants.  Assigning  to  them  the  ex- 
treme values  0  and  1,  we  get 

{l-p-r){l-^q-r) 
1-r 

and  1  —  r  for  the  limits  of  its  value.  The  interpretation  of  the 
arbitrai-y  constants  aff'orded  by  the  final  logical  equation  is,  that 
c  is  the  probability  that  if  a  house  is  visited  by  fever  its  sanitai-y 
condition  is  defective,  c'  the  probability  that  if  a  house  is  visited 
by  cholera  without  fever  its  sanitary  condition  is  defective. 
These  elements  must  be  determined  by  further  experience.  It 
may  be  further  remarked,  that  for  the  appKcation  of  the  general 
method,  it  is  perfectly  inditferent  whether  the  number  of  our 
data  is  equal  to  the  number  of  simple  events  or  not,  and  that  the 
mode  of  their  combination  is  equally  unimportant.  The  case 
above  given  is  a  very  simple  one ;  but  for  this  reason  its  verifi- 


528  Prof.  G.  Boole  on  the  Theory  of  Probabilities, 

cation  by  common  sense,  to  those  who  may  choose  to  undertake 
the  task,  will  be  the  more  easy. 

I  will  now  exhibit  the  results  to  which  this  method  conducts 
lis  when  a])plied  to  Mr.  Mitchell's  })roblem.  That  problem, 
under  a  somewhat  more  general  aspect,  may  be  thus  stated. 

Given  the  probability  {p)  of  the  truth  of  the  projjosition,  If 
the  condition  A  is  satisfied,  the  event  B  will  not  happen. 

Required  the  probability  P  of  the  proposition.  If  the  event 
B  does  hajipen,  the  condition  A  has  not  been  satisfied.  The 
result  which  I  obtain  is 

p_  c(I-fl) 

c[\-a)  +  a{l-py 

where  c  and  a  are  arbitrary  constants,  whose  interpretation  is  as 
follows :  viz.  a  is  the  probability  of  the  fulfilment  of  the  con- 
dition A,  c  is  the  probability  that  the  event  B  would  happen  if 
the  condition  A  were  not  satisfied. 

Let  us  apply  this  solution  to  Mr.  Mitchell's  problem,  and  test 
its  agreement  with  common  sense.  The  condition  A  is,  that 
the  stars  have  been  so  distributed,  that  it  is  as  likely  that  any 
star  will  be  found  in  one  spot  of  the  sky  as  another.  Let  us 
term  this  a  "  random  distribution,"  meaning  thereby  a  distribu- 
tion according  to  some  law  or  manner,  of  the  consequences  of 
which  we  should  be  totally  ignorant ;  so  that  it  would  appear  to 
us  as  likely  that  a  star  should  occupy  one  spot  of  the  sky  as 
another.  Let  us  term  any  other  principle  of  distribution  an 
indicative  one. 

The  event  B  is  the  occurrence  somewhere  in  the  heavens  of  a 
double  star  as  close  as  /8  Capricorni.  Hence  p  is  the  given  proba- 
bility that,  on  the  principle  of  random  distribution,  there  will  not 

159 
exist  such  a  double  star.     Its  numerical  value  appears  to  be  ^ra, 

80  ^^" 

"^^8l- 

P  is  the  required  probability,  drawn  from  the  existence  of 
/3  Capricorni,  that  the  princi})le  of  random  distribution  did  not 
prevail ;  a  is  the  unknown  probability  of  a  random  distribution, 
c  is  the  unknown  probability,  that,  if  the  principle  of  random 
distribution  had  not  prevailed,  such  a  star  as  yS  Capricorni  would 
have  existed. 

If  c  and  a  could  be  detennined  in  addition  to  p,  the  value  of 
P  would  be  definitely  given  by  the  formula*. 

*  A  candid  mind  will  not  object  to  this  solution,  the  impossibility  of 
determining  the  unknown  constants  a  and  c  by  any  actual  experience ;  but 
I  can  imagine  such  a  mind  as  hesitating  under  the  difficulty  of  conceiving 
what  kind  of  experience,  could  it  be  had,  would  suffice  for  their  determina- 
tion.    Perhaps  the  pro])er  answer  woidd  be,  that  such  experience  ought  to 
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We  have  then 

c{l-a)  +  a{l-py 
Fii'st  suppose  that  we  had7J  =  lj  then 

c{l-a)         • 

If,  then,  it  were  certain  that  such  a  combination  as  /3  Capri- 
corni  could  not  exist  upon  the  principle  of  random  distribution, 
it  would  be  certain  from  its  existence  that  the  prmciple  of  random 
distribution  did  not  hold.     This  is  agreeable  to  common  sense. 

Suppose,  in  the  second  place,  that  there  was  a  high  a  priori 
probabihty  in  favour  of  the  principle  of  random  distribution. 
Then  a  approaches  to  unity,  and  the  value  of  P  diminishes. 
Hence  the  probability  afforded  by  the  existence  of  /3  Capricorai 
against  the  principle  of  random  distribution  diminishes  also. 
And  it  is  perfectly  evident  from  the  \alue  of  P,  that  the  a  priori 
probabihty  in  favour  of  the  principle  of  random  distribution  might 
be  so  great  as  to  outweigh  altogether  the  influence  of  the  obser- 
vations made  upon  ^  Capricorni.  This  appears  also  to  be  quite 
agreeable  to  reason. 

3rd.  Suppose  that  there  is  but  a  veiy  small  probabihty  that 
/S  Capricorni  coidd  result  under  any  other  condition  than  that  of 
random  distribution ;  the  value  of  c  is  then  very  small,  and  the 
probability  against  the  hypothesis  of  random  distribution  dimi- 
nishes, if  c  were  0,  i.  e.  if  it  were  certain  that  /3  Capricorni 
could  not  appear  under  any  other  circumstance  than  that  of  a 
random  cUstribution  of  the  stars,  then  the  expression  would  vanish 
however  near  p  might  approach  to  unity.  However  unlikely, 
then,  the  principle  of  random  distribution  may  be,  it  becomes 
certain  whenever  it  is  known  that  no  other  cause  can  produce 
the  effect  observed. 

Let  us  investigate  the  conditions  under  which  P  is  greater 
than  p.     If  P  is  greater  than  p,  we  have 

extend  to  different  acts  of  the  Creative  Power ;  that  it  ought  to  enable  us 
to  say^^"ith  reference  to  each  of  them,  whether  the  connexion  of  effect  with 
cause  was  manifest  in  the  jihsenomena  of  stellar  thstribution ;  and  that  it 
should  make  known  to  us  in  how  many  of  the  particular  instances  in  which 
such  connexion  was  perceived,  the  occurrence  of  double  stars  was  an  attend- 
ant result.  There  are,  however,  cases,  and  perhaps  the  above  is  one,  in 
which  we  may  with  some  confidence  ]n-oceed  upon  other  grounds  than 
direct  experience,  e.  (/.  upon  the  reasonableiiess  of  an  h}"]30thesis  viewed  in 
the  light  of  that  general  analogy  of  nature  which  experience  tends  daily  to 
confirm.  Data  derived  from  this  source  may  properly  be  said  to  be  a  priori 
in  relation  to  problems  such  as  the  above,  and  it  is  thus  that  I  have  referred 
to  them  in  the  concluding  portion  of  the  paper. 
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c{l-a)  , 

c(l-fl)+ «(!-/>)      ^'~ 

c{\—a)>c{\—d)p-\-ap{^—p),  or  c(l— fl) (!—;>)> tf/>(l—jo)j 
or  c(l  —d)>ap.  Now  1  —a  is  the  probability  that  the  principle 
of  random  distribution  did  not  prcvail_,  and  c  is  the  probability 
on  this  hypothesis  that  such  a  double  star  as  /S  Capricorni  should 
exist.  Hence  c(l  —  «)  is  the  probability  of  the  whole  hypothesis, 
that  the  distribution  of  the  stars  was  not  a  random  one,  and  that 
double  stars  should  exist.  In  like  manner,  ap  is  the  probability 
that  the  principle  of  random  distribution  did  prevail,  and  that  a 
double  star  like  ^  Capricorni  should  not  exist. 

Hence  we  have  the  following  conclusion  : — If  the  probability 
of  an  indicative  law  of  distribution,  and  the  consequent  existence 
of  a  double  star,  is  greater  than  the  probability  in  favour  of  a 
random  distribution,  and  a  consequent  absence  of  double  stars, 
then  the  probability  in  favour  of  an  indicative  law  of  distribution, 
granting  the  existence  of  a  double  star,  is  stronger  than  the  pro- 
bability against  a  double  star,  granting  the  hypothesis  of  a  dis- 
tribution at  random. 

If  c  and  a  were  each  equal  to  -,  i.  e.  if  it  were  a  priori  just  as 

likely  as  not  that  the  stars  are  scattered  at  random,  and  also  just 
as  likely  as  not  that,  if  they  were  not  scattered  at  random,  /S  Ca- 
pricorni would  exist,  we  should  lind 
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I  had  intended  to  append  to  this  paper  an  investigation  of  the 
probability  of  the  occurrence  of  triple  stars  of  determinate  close- 
ness in  the  heavens,  assuming  Mr.  MitchelPs  law  of  distribution. 
But  the  paper  has  already  extended  beyond  its  due  limits,  nor 
would  the  investigation  proposed  at  all  serve  the  pm'pose  of  the 
main  argument. 

I  trust  that  the  design  of  this  communication  will  not  be  mis- 
understood. It  is  commonly  the  business  of  scientific  methods 
to  teach  us  that  which  we  could  not  learn  without  them ;  but 
to  give  us  confidence  in  their  results,  it  is  also  required  that  they 
should,  in  those  cases  upon  which  unassisted  reason  pronounces 
a  decision,  not  contravene  her  verdict.  In  the  present  instance 
that  confirmation  has  not  been  easy ;  but  it  will,  I  trust,  be 
considered  to  have  been  complete. 

I  am.  Gentlemen, 

Queen's  College,  Cork,  Your  obedient  Servant, 

March  11,  1851.  GeoRGE  Boole. 
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LXXV.  On  some  new  and  curious  applications  of  the  Permanence  of 
Impressions  on  the  Retina. — Third  Note.    By  M.  J.  Plateau*. 

IN  order  to  give,  by  means  of  the  phantascope  or  phenakisti- 
cope,  the  appearance  of  life  and  motion  to  the  figures  repre- 
sented, it  is  requisite  to  hold  the  rotating  disc  very  near  to  one 
of  the  eyes,  the  other  being  closed,  and  to  look  through  the  zone 
of  the  apertures  at  the  image  of  the  disc  in  a  mirror ;  this  plan 
is  inconvenient,  and  moreover,  it  shows  at  once  the  whole  series 
of  figures  symmetrically  arranged  on  the  surface  of  the  disc,  and 
consequently  under  every  inclination.  I  shall  now  describe  a  mo- 
dification of  the  apparatus,  by  means  of  which  the  efi'ect  may  be 
obseiTed  directly,  by  both  eyes,  and  by  more  than  one  person  at 
a  time  ;  a  modification  which,  moreover,  exhibits  the  figm-es  only 
when  in  a  suitable  position,  and  w^hich,  lastly,  much  increases  the 
illusion.  This  modification  consists  in  a  combination  of  the 
processes  of  the  anorthoscope  and  the  phenakisticope. 

Let  us  return  to  the  first  of  these  two  instruments  (see  the 
preceding  Note,  Phil.  Mag.  for  June  1850),  and  suppose  the 
velocities  of  the  two  discs  to  be  in  a  contrai-y  direction  to  each 
other.  Then,  as  we  have  shown  in  that  Note,  if  by  V^  is  de- 
noted the  velocity  of  the  disc  with  the  distorted  figm-e,  and  by 
V„  that  of  the  black  disc,  the  relation  between  the  corresponding 
angular  dimensions  in  the  distorted  figm-e  and  in  the  perfect 

figure,  is  equal  to  ^ — 1-1.  We  have  shown  that  if  the  relation  :^ 

is  not  an  entire  number,  the  image  produced  in  one  revolution 
of  one  of  the  slits  is  not  superposed  on  the  image  which  has 
been  produced  in  the  preceding  revolution  of  the  same  slit.  But 
this  non-supei"]Dosition,  which  must  necessarily  be  avoided  in  the 
anorthoscope,  constitutes,  on  the  contraiy,  one  of  the  principles 
of  the  illusion  now  in  question. 

Let  us  take  ¥^=1,  and  Vn=4 ;  in  other  w^ords,  let  us  sup- 
pose that  the  black  disc  revolves  four  times  faster  than  the  trans- 
parent disc.  The  relation  of  the  angular  dimensions  will  then 
be  equal  to  ;|  + 1  =  -|,  and  consequently  the  total  angular  width 
of  the  distorted  figure  will  be  to  that  of  the  regular  figure  as  5 
to  4.  Let  us  diaw  the  perfect  figure  in  an  angle  occupying 
-^Q  of  the  circumference,  which,  according  to  the  above  value  of 
the  relation  between  the  angular  dimensions,  will  give  yg^  for  the 
measure  of  the  angle  which  the  distorted  figure  should  occupy. 
This  being  done,  let  us  trace  upon  a  piece  of  paper  a  circle  of 
the  same  diameter  as  the  transparent  disc,  and  divide  this  circle 
into  twenty  equal  angles ;  then  let  us  draw^  a  regular  figure  in 
one  of  these  angles,  a  second  perfect  figure  in  the  following 

*  From  the  Bulletin  de  I' Acad.  Royale  de  Belgique,  vol.  xvi.  No.  7- 
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angle,  and  so  on  up  to  the  sixteenth,  and  let  us  arrange  these 
sixteen  figures  according  to  the  principle  of  the  phenakisticope ; 
that  is  to  say,  in  such  a  manner,  that,  in  going  from  the  lirst  to 
the  last,  we  pass  gradually  through  all  the  modifications  of  form 
and  position  which  compose  the  movement  the  appearance  of 
which  it  is  desired  to  produce.  Let  us  afterwards  divide  the 
transparent  disc  into  sixteen  equal  angles,  and  then  transfer  into 
each  of  these  last  one  of  the  above  figures,  distorting  it  angu- 
larly in  the  relation  of  4  to  5,  and  arranging  all  these  distorted 
figures  in  the  same  order  as  the  regular  figures  to  which  they 
correspond.     Lastly,  let  us  make  four  slits  in  the  black  disc. 

The  two  discs  thus  constructed  are  attached  to  their  axes, 
placing  them  in  such  a  manner  that  the  radius,  which  would  divide 
into  two  equal  parts  one  of  the  angles  in  which  are  represented 
the  distorted  figures,  is  directed  vertically  from  the  centre  of  the 
disc  upwards,  and  one  of  the  slits  is  before  this  radius.  This  done, 
we  illuminate  strongly  from  behind  the  transparent  disc,  place 
ourselves  in  front  of  the  black  disc,  as  in  the  case  of  the  anor- 
thoscope,  and  set  the  apparatus  in  motion.  When  the  above 
slit,  starting  from  the  position  we  have  given  it,  shall  have  tra- 
versed ^  of  a  revolution,  the  transparent  disc  will  have  effected 
in  a  contrary  direction  y\jth  of  a  revolution  ;  and,  consequently, 
the  radius  which  would  divide  into  two  equal  })arts  the  angle  adja- 
cent to  that  \mder  consideration,  ^^•ill  occupy  the  vertical  position. 
But  the  following  slit  will  then  also  be  in  this  vertical  position ; 
and  it  is  clear  that  the  same  thing  will  take  place  with  all  the 
radii  occupying  respectively  the  centres  of  the  sixteen  angles 
which  contain  the  distorted  figures :  at  the  moment  when  each 
of  these  radii  passes  through  the  vertical  drawn  from  the  centre 
of  the  disc  upwards,  it  will  coincide  with  one  of  the  slits.  Each 
of  the  sixteen  angles,  with  the  distorted  figure  it  contains,  will 
then  be  traversed  in  its  turn  by  one  of  the  slits,  in  such  a  manner 
that  the  middle  of  its  image  will  be  directed  vertically  from  the 
centre  upwards,  and  all  these  successive  images  will  be  exhibited 
consequently  at  the  same  spot.  But  these  images  will  be  con- 
tracted in  the  relation  of  5  to  4,  so  that  each  distorted  figure 
will  give  a  perfect  image  in  an  erect  position.  The  rapid  suc- 
cession of  all  these  at  the  same  place  will  then  produce,  as  in 
the  ordinary  phenakisticope,  the  continuous  appearance  of  a 
figui'c  executing  the  desired  motion. 

Beside  this  erect  image,  which  residts  from  the  coincidence  of 
the  distorted  figures  and  the  slits  in  the  u])])er  })art  of  their  revo- 
lutions, it  is  clear  that  there  is  also  produced,  as  in  the  ordinary 
phenakisticope,  a  series  of  other  regular  images  sjinmetrically 
arranged  with  relation  to  the  centre  of  the  disc.  But,  in  the 
present  instrument,  it  is  easy  to  manage  so  that  the  erect  image, 
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viz.  that  to  which  the  attention  should  be  directed,  may  be  the 
only  one  exhibited ;  to  effect  which,  it  will  suffice  to  intercept, 
by  means  of  a  screen,  the  light  of  the  lamp,  except  over  the 
space  occupied  by  the  erect  image.  This  screen  should  be  placed 
behind  the  transparent  disc  as  near  to  it  as  possible,  and  parallel 
to  its  plane ;  lastly,  the  lamp  should  be  so  arranged,  that  the 
flame  is  opposite  to,  and  at  a  distance  of  6  to  7  centimetres 
from,  the  aperture  intended  to  give  passage  to  the  light ;  this 
aperture  ought  to  have  the  form  of  a  trapezoid  terminated  late- 
rally by  two  straight  lines  directed  towards  the  axis  of  the  disc, 
and  above  and  below  by  horizontal  lines  ;  it  will  easily  be  found 
what  angular  width  and  what  height  must  be  given  to  this 
aperture ;  the  screen  may  be  made  of  blackened  pasteboard. 

But  the  employment  of  this  screen  supposes  that  the  erect 
image  remains  always  precisely  in  the  same  place,  which  requires 
that  the  relation  of  the  two  velocities  should  be  rigorously  exact 
and  perfectly  invariable.  Now  it  is  almost  impossible  to  realize 
this  condition  by  a  system  of  pulleys  and  strings*.  A  system 
of  toothed  wheels  must  therefore  be  substituted,  and  the  follo^Wng 
is  the  arrangement  which  I  have  adopted  in  my  instrtmient. 

The  horizontal  axes,  on  which  are  respectively  fixed,  by  means 
of  nuts,  the  transparent  and  the  black  disc,  have  a  certain  interval 
between  their  extremities  which  face  each  other ;  each  of  these 
opposite  extremities  has  a  wheel  furnished  with  teeth  perpendi- 
cular to  its  plane,  and  turned  toward  the  space  which  separates 
the  two  wheels ;  these  two  wheels  arc  therefore  vertical,  parallel, 
and  moveable  around  the  same  perpendicular.  The  one  whose 
axis  is  furnished  with  the  transparent  disc,  has  a  diameter  of  six 
centimetres ;  the  diameter  and  the  number  of  teeth  of  the  one 
whose  axis  receives  the  black  disc  are  four  times  less.  In  the 
interval  left  between  the  two  wheels  passes  a  steel  rod,  capable 
of  turning  upon  itself,  and  furnished  with  a  pinion,  the  upper 
part  of  which  catches  in  the  upper  part  of  the  large  wheel,  and 
its  lower  part  in  the  upper  part  of  the  small  wheel.  It  is  clear, 
that  when  the  steel  rod  is  turned,  the  two  wheels,  and  conse- 
quently the  two  discs,  turn  in  contrary  directions,  and  that  the 
velocity  of  the  Ijlack  disc  is  four  times  that  of  the  transparent 
disc.  The  two  discs  are  eighteen  millimetres  distant  from  one 
another.  The  steel  rod  descends  to  the  foot  of  the  instrument ; 
towards  its  lower  extremity  it  has  a  second  pinion,  which  gears 
into  another  vei'tical  wheel ;  and  the  axis  of  this  last  is  furnished 
with  a  small  winch,  by  means  of  which  the  system  is  set  in 
motion. 

The  glass  chimney  of  the  lamp  should  be  surrounded  with  a 
plate-iron  chimney  of  twice  the  diameter,  in  which,  at  the  height 
*  See  the  preceding  Note. 
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of  the  flame  and  on  the  side  facing  the  apparatus,  is  an  opening 
of  7  to  8  centimetres  in  height  and  2^  centimetres  in  width ; 
this  iron  chimney  should,  moreover,  be  surmounted  with  a 
smoke-consumer,  which  prevents  the  light  from  illuminating  the 
ceiling  of  the  apartment ;  lastly,  no  other  lamp  or  light  should 
be  left  in  the  apartment. 

In  my  instrument  the  transpai'ent  discs  have  a  diameter  of  27 
centimetres ;  the  figures  occupy  a  zone  comprised  between  two 
circumferences,  the  radii  of  which  are  respectively  12  and  5^ 
centimetres,  so  that  the  height  of  the  zone  is  6i  centimetres. 
As  the  paper,  to  be  sufficiently  transparent,  must  be  thin,  and 
these  discs  have  a  somewhat  large  diameter,  I  have  been  obliged 
to  add  to  their  solidity  by  pasting  on  the  space  comprised  be- 
tween the  interior  limit  of  the  zone  and  the  centre  a  circle  of 
Bristol-board,  and  upon  the  space  left  beyond  the  exterior  limit 
of  the  zone,  a  circular  band  of  the  same  substance.  The  figm*es 
were  painted  in  water-colours ;  but  in  the  dark  parts  the  colom* 
was  applied  on  both  surfaces  of  the  paper  in  order  to  increase 
the  strength  of  the  tints,  and,  for  a  contrary  reason,  the  parts 
which  should  have  the  greatest  light  were  covered  with  varnish. 
I  will  add,  to  complete  the  details  relative  to  my  apparatus,  in 
the  tirst  place,  that  the  slits  cut  in  the  black  disc,  the  edges  of 
which  slits  converge  toward  the  centre  of  the  disc,  have  at  their 
fiuthest  extremity  from  the  centre  a  width  of  2  millimetres ;  in 
the  second  place,  the  aperture  in  the  screen  is  65  millimetres 
high,  and  33  millimetres  va&e  at  its  upper  part,  and  15  milli- 
metres wide  at  its  lower  part ;  and  in  the  third  place,  when  the 
screen  is  arranged,  its  distance  to  the  transparent  disc  is  about 
7  millimetres. 

The  apparatus  being  now  set  in  motion,  the  effect  will  be  seen 
directly  and  by  both  eyes ;  and  although  the  most  convenient 
position  to  observe  it  is  exactly  in  front  of  the  image,  it  will  be 
exhibited  well  enough  under  a  little  obliquity,  so  that  two  or 
three  persons  can  see  at  the  same  time.  Moreover,  only  one 
image  \nll  be  absolutely  seen,  namely  that  which  occupies  the 
erect  position.  Lastly,  this  image  being  the  only  illuminated 
object  in  the  apartment,  its  brightness  will  appear  considerable, 
and  effects  of  light  may  be  thus  produced  which  it  would  be 
impossible  to  attain  with  the  ordinary  phenakisticope. 

I  will  here  mention,  as  an  example,  the  result  which  one  of 
my  discs  gives.  The  image  represents  a  demon's  head  inclining 
towards  a  coal  lire  which  he  keeps  in  action  by  blowing,  then 
drawing  himself  up  to  take  breath,  bending  again  to  blow,  and 
so  on.  This  head  is  seen  in  front;  it  is  about  four  centimetres 
high,  and  is,  as  well  as  the  fii*e,  on  a  dark  background,  ^^^len 
it  blows,  its  cheeks  are  puffed  out,  its  lips  project,  its  brows  are 
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knit,  and  its  eyes  are  directed  toward  the  fire ;  at  tlie  same  time 
the  fire  kindles,  flames  up,  and  casts  a  bright  light,  which  strongly 
illumines  the  head  beneath,  and  causes  the  parts  of  the  latter 
which  remain  in  shade  to  appear  very  dark.  ^^Tien  at  length 
the  head  rises  and  takes  breath,  its  cheeks  flatten,  its  mouth 
opens,  its  brows  grow  smooth,  and  its  eyes  are  directed  towards 
the  spectator ;  the  fire  also  then  becomes  less  glowing,  loses 
some  of  its  brightness,  and  the  head,  which  moreover  is  less 
near  to  it,  is  seen  in  semi-darkness.  One  of  om-  great  artists, 
M.  Madou,  has  been  kind  enough,  at  my  request,  to  di-aw  the 
model  of  the  head  taken  at  the  moment  when  it  blows  with  the 
greatest  force.  I  afterwards  placed  this  dramng  in  one  of  the 
compartments  of  the  disc,  increasing  the  angular  dimensions  of 
all  its  parts  in  the  relation  of  4  to  5  ;  I  then  modified  it  suitably 
in  the  other  compartments,  and  paid  the  greatest  attention  to 
the  execution  of  these  figures.  The  ordinary  phenakisticope 
gives  but  a  very  imperfect  idea  of  the  efl'ects  which  may  be  pro- 
duced by  the  employment  of  the  principle  on  which  it  is  founded, 
effects  which  are  completely  realized  by  means  of  the  new  appa- 
ratus now  described :  my  little  blowing-man  has  excited  great 
admiration  in  those  persons  who  have  seen  him  act. 

But  the  experiment  may  be  carried  still  further,  by  tui-ning 
to  account  an  idea  communicated  to  me  by  Mr.  ^^^leatstone,  and 
which  consists  in  combining  the  principle  of  the  stereoscope 
with  that  of  the  phenakisticope.  By  means  of  the  stereoscope, 
an  ingenious  instrument  invented  by  the  physicist  I  have  just 
named,  objects  drawn  perspectively  upon  plane  surfaces  in  out- 
line appear,  as  is  well  known,  to  have  three  dimensions ;  and  the 
illusion  is  such,  that  it  is  absolutely  impossible  to  divest  oneself 
of  it.  Let  us  suppose,  then,  that  we  succeed,  by  the  combination 
of  the  two  kinds  of  instruments,  in  adding  this  last  eff'ect  to 
those  of  the  phenakisticope ;  then  figures  simply  painted  upon 
paper  will  be  seen  unmistakeably  in  relief  and  in  motion,  and 
will  thus  present,  in  a  complete  manner,  all  the  appearances  of 
life.     This  will  be  the  illusion  of  art  carried  to  its  highest  degree. 

Now  the  modification  of  the  phenakisticope  described  in  this 
Note  is  eminently  fitted  to  realize  the  combination  in  question. 
It  is  known  that  the  representation  of  an  object  in  the  stereo- 
scope requires  the  simultaneous  employment  of  two  designs 
having  a  certain  relation  between  them,  and  placed  on  the  two 
sides  of  the  apparatus ;  it  would  suffice,  therefore,  to  construct 
two  transparent  discs,  such  that  the  figures  should  have  one  to 
another  the  relation  desired  for  the  stereoscope ;  to  fix  these  discs 
to  two  systems  similar  to  that  which  we  have  described,  and 
suitably  adapted  to  the  two  extremities  of  Mr.  AMieatstone's  in- 
stmment;  and  lastly,  to  arrange  so  that  the  two  systems  should 
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have  identically  the  same  motion.  This  last  condition  is  easily 
fulfilled,  by  fixing  on  a  common  axis  furnished  with  a  single 
winch  tlie  two  toothed  wheels  intended  to  turn  the  lower  pinions 
of  the  two  steel  rods. 

Only  one  real  difficulty  presents  itself,  but  it  is  considerable ; 
this  is  to  construct  the  figures  of  the  two  discs  in  such  a  manner 
that  those  of  the  one  should  have  with  those  of  the  other  the 
precise  relation  which  the  stereoscope  requires.  Nevertheless 
this  may  be  surmounted,  by  employing  a  process  for  which  we 
are  also  indebted  to  the  inventive  genius  of  Mr.  Wheatstone.  To 
obtain  a  couj)le  of  draAvings  ada])ted  to  give,  in  the  stereoscope, 
the  representation,  not  of  a  simple  perspective  in  outline,  but  of 
an  object  having  rounded  forms,  such  as  a  statue,  and  that  with 
the  shades  and  lights,  !Mr.  Wheatstone  conceived  the  idea  of  pro- 
curing, by  means  of  photography  on  paper,  two  projections  of 
the  object,  by  placing  successively  the  photographs  in  two  differ- 
ent positions,  so  that  the  two  projections  should  have  between 
them  the  necessary  relation.  Now  we  might  have  executed  in 
plaster,  for  example,  the  models  of  the  sixteen  modifications  of 
the  regular  figure,  the  image  of  which  it  is  desired  to  produce 
in  the  combined  apparatus  under  consideration ;  then  take  by 
means  of  the  photographic  apparatus  a  pair  of  drawings  of  each 
of  these  sixteen  models ;  and  lastly,  place  these  drawings  after 
suitable  distortion  on  the  two  discs.  Without  doubt  this  would 
be  a  tedious  operation,  and  one  which  would  require  great  care ; 
but  we  shonld  be  amply  recompensed  by  the  manellous  nature 
of  the  results. 


LXXVI.  Geometry  and  Geometers.     Collected  by  the  late  Thomas 
Stephens  Davies,  F.R.S.L.  i^E.  ^t.* 

No.  VII. 

IN  the  year  1821  an  unpretending  volume  issued  from  a  local 
press  (Liverpool),  entitled  *'  Geometrical  Amusements,  or  a 
Course  of  Lessons  in  Construction  and  Analysis,  by  J.  H.  Swale.^^ 

*  Communicated  by  James  Cockle,  Esq.,  M.A.,  Barrister-at-Law,  who 
adds  the  follo\\ing  note  : — 

["  Since  the  dcatli  of  my  lamented  friend,  her  late  husband  Prof.  T.  S. 
Davies,  Mrs.  Davies  has  foi-warded  me  the  above  manuscript,  his  autograph. 
In  sending  it  to  the  Editors  of  the  Philosojjhical  Magazine  for  j)ublication, 
I  take  the  liberty  of  informing  the  readers  of  that  Jom-nal  that  several 
notices  respecting  Professor  Davies  have  recently  appeared  in  print,  among 
which  I  may  mention  one  published  in  No.  1431  of  the  Mechanics'  Maga- 
zine;  another  (by  Thomas  T.  Wilkinson,  Esq.,  F.R.A.S,)  in  No.  166  of 
the  Architect  and  Civil  Engineer ;  and  the  first  part  of  another  (by  my 
brother  Dr.  John  Cockle)  in  No.  18  of  the  Expositor.    Mr.  Wilkinson  gives 
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A  small  number  of  copies  only  must  have  been  printed,  as  I  have 
never  seen  a  single  copy  for  sale  or  catalogued  in  any  shape. 
The  workj  in  fact,  to  use  a  common  expression,  "  fell  still-born 
from  the  press;"  and  it  is  not  only  generally  unknown  to  mere 
amateur  geometers,  but  almost  without  exception  to  the  working 
geometers  of  the  present  day.  I  do  not  remember  to  have  seen 
it  quoted  even  once  in  the  periodicals  more  especially  devoted  to 
geometry,  so  that  it  stands  in  almost  the  same  position  as  it 
would  have  done  amongst  the  author's  i\ISS.  It  is  no  wonder, 
then,  that  the  promised  parts  2  and  3  never  made  their  ap- 
pearance. 

Nevertheless  this  volume  contains  some  of  the  most  elaborate 
and  elegant  geometry  (in  the  true  spirit  of  the  ancients,  but  per- 
fectly unshackled  as  to  any  anterior  works)  that  exist  in  our 
language,  or  probably  in  any  language  whatever.  The  part 
actually  published  is  composed  wholly  of  problems  :  first,  the 
constructions  and  demonstrations  alone  being  succinctly  given ; 
and  then  a  more  difficult  series  (including  amongst  them,  and 
indeed  forming  the  simplest  of  them,  the  Apollonian  series)  \\\\h 
the  analyses  prefixed  to  the  constructions.  The  entire  series  is 
founded  on  a  single  lemmatical  problem  : — 

"  Having  two  points  and  three  right  lines  given  in  position  : 
to  draw  from  the  given  points,  two  right  lines  intersecting  each 
other  at  a  point  in  one  of  the  lines  given  in  position,  and  making 
equal  angles  with  the  two  remaining  lines  given  in  position." 

He  gives  the  construction  and  demonstration  of  all  the  cases 
that  are  essentially  different :  but  any  further  analysis  of  the 
work  would  require  more  space  than  it  would  be  proper  to  occupy 
in  the  Philosophical  Magazine  with  reference  to  a  printed  work, 
however  valuable, scarce  and  inaccessible.  He  states  that  "parts  ii. 
and  m.  are  ready  for  press:"  but  I  am  ignorant  as  to  what 
became  of  the  MS. 

Though  to  call  a  work  of  such  difficulty  ''  amusements  "  might 
seem  to  savour  of  affectation,  yet  by  Mr.  Swale  I  am  convinced 
that  the  term  might  be  used  with  perfect  propriety  :  but  of  this, 
anon. 

Mr.  Swale,  finding  that,  like  Simson's  Loci  Plani,  his  amuse- 
ments "  did  not  sell,"  seems  to  have  abandoned  his  purpose.  At 

numerous  references  to  the  An-itings  of  the  late  Professor,  and  his  memoir 
was  reprinted  with  some  alterations  in  No.  42  of  the  Educational  Times. 
The  Westminster  Review  for  the  present  month  (April)  also  contains  an 
article  on  '  English  IMathematical  Literatm-e,'  which  will  be  read  with  in- 
terest by  the  cultivators  of  that  science  of  which  Professor  Da^des  was  so 
great  a  master. — James  Cockle. 

"  2  Pump  Court,  Temple, 
April  23,  1851."] 
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the  same  time,  I  am  inclined  to  think  that  it  was  never  suffi- 
ciently made  known  to  the  mathematical  public ;  and  probably 
the  neglect  of  ''agents^'  was  the  chief  cause.  This  at  least  I 
know,  that  I  could  not  procure  a  copy  two  or  three  years  after 
either  through  the  regular  channels  or  any  irregular  channel 
eithei' — till  Mr.  Swale  himself  presented  me  with  a  copy  several 
years  later.  I  had  meantime  been  at  the  trouble  of  transcribing 
tlie  entu-e  book  for  my  own  use  from  a  borrowed  copy,  that  copy 
itself  having  been  obtained  after  much  search. 

He,  however,  like  many  othei-  mathematicians,  ardent  for  the 
promotion  of  their  science,  commenced  a  ])eriodical  to  be  pub- 
lished annually.  This  he  called  the  "  Apollonius.''  Probably 
he  thought  the  usual  contributors  to  works  of  the  class  would 
at  least  support  the  undertaking,  so  as  to  be,  if  not  remunerative, 
at  least  self-supporting.  Whether  this  project  failed  for  want  of 
business-tact,  like  the  "  Amusements,"  in  not  being  made  suffi- 
ciently known  and  easily  procured,  I  do  not  know ;  but  at  all 
events,  I  myself  did  not  know  of  its  existence  till  long  after  it 
had  been  discontinued,  though  I  was  one  of  the  class  that  should 
have  been  apprised  of  it. 

Tliis  work,  however,  of  which  only  two  numbers  were  printed 
in  1823  and  1824,  is  quite  as  scarce  (at  least  the  first  number), 
and  was  till  lately  as  little  known  as  the  "  Geometrical  Amuse- 
ments." Mr.  Gaskin  and  ^Ir.  Potts  are  the  only  writers  who 
have  mentioned  this  work  (with  the  exception  of  what  I  have 
elsewhere  said  respecting  it),  and  they  appear  to  have  seen  only 
the  second  number — at  least  they  only  refer  to  it. 

For  its  miscellaneous  matter,  the  work  is  of  little  value  (and 
not  always  quite  orthodox) ;  but  its  geometry  is  of  a  very  high 
order,  and  worthy  of  the  most  careful  study.  The  papers  on  the 
tangency  of  circles,  and  on  polygons  inscribed  in  circles  or  in 
other  polygons,  are  mastei-pieces  of  geometrical  research.  In- 
deed, the  same  may  be  said  of  the  whole  of  this  part  of  the  work, 
as  far  as  the  subjects  admitted.  Theorems  occupy  a  due  portion 
of  this,  as  problems  did  the  whole  of  the  former ;  and  this  leads 
me  to  think  that  much  of  the  matter  (in  perhaps  a  concentrated 
form)  intended  for  the  "  Amusements "  was  transferred  to  the 
"  Apollonius." 

Mr.  Swale  had,  however,  been  known  from  the  early  part  of 
the  present  century  as  a  contributor  to  the  mathematical  annuals, 
and  to  some  local  publications  devoted  to  mathematics.  He 
ne\cr  seems  to  have  cared  to  compete  with  others,  cither  by 
sending  solutions  to  all  questions  alike,  or  by  proposing  and 
sohing  the  most  difficult  only ;  his  rule  appearing  to  be  to  send 
only  when  and  what  seemed  to  himself  to  be  worthy  of  himself, 
oni  its  novelty  of  principle  or  simplicity  of  result.     Yet  his 
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contributions  (irregular  as  to  time  and  place,  as  this  would  render 
them)  to  these  works  are  both  numerous  and  remarkable.  Where- 
ever  we  see  the  name  of  "  Swale "  we  are  sui'e  to  meet  with 
something  new  and  elegant,  and  often  with  specimens  of  un- 
equalled resoui'ce  and  unexampled  method  of  research. 

But  why  this  eulogy  on  the  author  of  works  already  in  print  ? 
Simply,  that  I  have  been  entrusted  by  his  son  with  the  perusal 
of  a  series  of  MSS.,  the  remains  of  this  extraordinary  geometer, 
of  which  I  think  some  account  should  be  given  in  the  present 
series  of  papers ;  and  I  considered  it  needful  to  introduce  the 
subject  by  a  short  notice  of  the  position  which  he  occupied  as  a 
geometer,  and  this  deduced  from  a  reference  to  his  published 
writings.  Had  they  been  better  known,  this  trouble  might  have 
been  saved  me ;  but  the  circumstances  of  their  publication  ren- 
dered it  necessary  to  give  these  preliminaiy  notices,  for  the  in- 
formation of  my  readers. 

The  life  of  a  schoolmaster  is  seldom  marked  by  any  events  of 
public  interest,  at  least  in  this  country ;  though  on  the  other 
side  of  the  Atlantic  we  have  seen  that  there  is  no  obstacle  to  his 
rising  to  the  highest  office  of  one  of  the  most  powerful  nations 
in  the  world.  With  us,  his  history  is  that  of  officiating  as 
"  usher  "  for  a  few  years,  "  here  and  there  and  everywhere,'' — 
mariying — toiling  with  a  school  of  his  own — for  the  most  part 
barely  able  to  support  his  family,  and  at  best  (and  this  i-arely) 
being  able  to  scrape  together  by  industry  and  oeconomy  a  few 
hundreds  to  support  himself  and  his  A\dfe  in  their  age  and  decre- 
pitude. Nor  does  the  life  of  this  distinguished  geometer  furaish 
any  exception  to  the  rule ;  though  of  the  specialities  of  his  early 
life  I  am  able  to  give  no  account.  I  iind  from  a  memorandum 
in  one  of  his  books,  that  his  two  eldest  children  were  born  at 
Idle,  a  village  in  the  West  Riding,  and  the  subsequent  ones  at 
Liverpool.  His  reputation  in  Liverpool  as  a  teacher  was  very  high, 
and  he  had  eveiy  prospect  before  him  of  secm'iug  a  respectable 
competence  for  his  old  age.  About  1828,  however,  he  lost  his 
entire  savings  (about  £1200)  "by  a  dishonest  relative;"  and 
from  various  notes  it  woidd  appear  that  he  was  involved  in  further 
liabilities  for  that  person,  which  absolutely  left  him  without 
resources.  This  so  preyed  upon  his  mind  and  feelings,  that  he 
sunk  into  a  misanthropic  state  from  which  he  never  fully  re- 
covered ;  though  he  was  fast  recovering  when  seized  with  his 
last  and  fatal  illness. 

For  what  reason  does  not  appear,  but  all  the  MSS.  of  a  date 
prior  to  1828  are  absent.  From  this  period  to  the  end  of  his  life, 
they  appear  to  be  complete — and  each  entiy  is  regularly  dated. 
From  one  or  two  entries  being  entered  as  copies  of  older  scraps, 
I  am  led  to  think  that  he  had,  mider  the  moody  feelings  engen- 
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dered  by  the  event  spoken  of,  destroyed  the  whole  of  them  him- 
self;  .nnd  that  these  re-entries  are  those  of  some  scraps  which 
accidentally  escaped,  and  which,  for  stnne  interest  or  other 
attached  to  them,  he  thought  worth  preserving. 

The  earliest  in  respect  to  date  is  a  comprehensive  development 
and  application  of  the  geometry  of  the  compasses,  under  the 
appropriate  title  of  "  Mascheronian  Geometry."  It  was  "  begun 
in  Feb.  1829:  revised,  improved,  and  extended,  Feb.  1830"  (as 
stated  in  a  MS.  note) ;  and  the  latest  date  is  April  23,  1830. 
This  treatise  is  in  all  respects  a  very  remarkable  one.  From  a 
list  of  the  books  which  appear  to  have  constituted  his  entire 
library  at  the  time,  it  would  seem  that  Mascheroni's  own  work 
was  not  before  him ;  and  a  comparison  of  his  solutions  of  the 
several  problems  which  are  common  to  both  with  those  of  the 
originator  of  the  system,  will  prove  that,  even  had  the  work  been 
in  his  hands,  it  could  have  afforded  him  but  little  assistance. 
After  the  veiy  simplest  problems  (and  sometimes  even  in  these) 
the  methods  employed  are  generally  different ;  Mr.  Swale's 
being  more  concise,  direct  and  inventive  than  Mascheroni's. 
Many  of  the  problems  which  he  constructs  under  these  restricted 
conditions  arc  sufficiently  difficult  when  only  subjected  to  the 
proper  restrictions  of  the  ancient  geometry  ;  and  several  of  these 
constructions,  when  divested  of  this  restriction,  constitute  better 
solutions  of  the  same  problems  than  any  with  which  I  am  other- 
wise acquainted.  Amongst  them  are  constructions  of  the  Apol- 
lonian problem  of  tactions.  The  case  of  three  circles  being  given, 
is,  however,  left  blank ;  which  is  the  more  to  be  regretted  from 
the  great  interest  Avhich  this  case  has  excited  amongst  the 
continental  geometers,  and  the  probability  that  had  Mr.  Swale 
succeeded  in  this,  it  might  have  openeil  the  road  to  a  new  system 
of  treatment  of  the  general  problem. 

Unfortunately, this  method  has  little  to  recommend  it  to  the  no- 
tice of  geometers  besides  its  being  difficult  and  curious.  Had  we, 
indeed,  any  direct  mode  of  geometrical  analysis  peculiarly  adapted 
to  it,  the  case  would  be  somewhat  different,  inasnuich  as  it  might 
at  least  be  rendered  suggestive  with  respect  to  construction  under 
the  ordinary  conditions.  I  myself  gave  a  good  deal  of  attention 
to  the  subject  at  one  period  of  my  life  (indeed  about  the  time 
that  Mr.  Swale's  ]MS.  is  dated) ;  but  I  became  convinced  that 
the  pursuit  was  a  useless  one,  inasmuch  as  it  did  not  admit  of 
any  independent  analysis,  but  nuist  consist  of  the  adaptation  of 
methods  otherwise  ])reviously  known  to  the  circumstances  pre- 
scribed for  the  compass-construction.  This  at  least  was  the 
only  view  at  which  I  arrived ;  and  I  am  inclined  to  think  it  was 
the  process  by  which  IMr.  Swale  arrived  at  his  constructions. 
At  the  same  time  the  ordinary  constructions  of  the  same  pro- 


M.  T.  S.  Davies  on  Geometry  and  Geometeifs. 


5^1 


blems  have  not  foraiecl  the  basis  of  Mr.  Swale's  jMascheronian 
ones.  His  plane  constructions  mnst  have  been  mainly  original ; 
for  to  original  ones  they  reduce  back  (with  few  exceptions)  upon 
restoring  the  ruler  as  a  companion-instrument  of  construction 
with  the  compasses. 

This  work  is  so  nearly  ready  for  printing  that  I  would  safely 
imdertake  to  complete  it,  were  there  the  least  reason  to  expect 
that  its  publication  could  be  effected  without  an  almost  total 
sacrifice  of  the  money  expended  in  doing  so.  The  great  amount 
of  geometrical  power  evinced  throughout  would  do  much  to 
remove  any  objections  arising  of  the  direct  inutility  of  the  sub- 
ject ;  whilst  the  constructions  of  pure  geometrj-  implied  in  its 
operations  would  constitute  a  valuable  assemblage  of  studies  for 
the  young  geometer.  All  hope,  however,  of  such  publication 
must  be  visionary ;  at  least  till  a  greater  change  is  worked  in 
English  mathematical  prejudices  against  pure  geometry  than  is 
yet  likely  to  take  place. 

Instead  of  selecting  any  of  the  more  elaborate  constructions 
as  a  specimen,  I  shall  give  one  of  the  simplest  I  can  find ;  since 
it  really  furnishes  a  neater  and  less  troublesome  practical  con- 
struction of  a  problem  of  frequent  occurrence,  than  that  given  by 
Euclid  and  generally  adopted. 

"  To  find  the  centre  of  a  given  circle. 
"To  any  point  P  (in  the  periphery)  describe  the  circle  PABL; 


inflect  BL  =  BP;  and  let  AL  meet  the  given  circle  in  H 
HL  (=HB)  is  its  radius."  (MS.  vol.  i.  p.  68. 


then 


542         Mr.  T.  S.  Davies  on  Geometry  atid  Geometers. 

Mr.  Swale  was  not  in  the  habit  of  putting  down  the  demon- 
strations of  the  more  simple  of  his  constructions  ;  and  as  those 
which  to  him  appeared  simple  and  capable  of  easy  recal  at  any 
moment  did  not  often  appear  so  to  others  less  rapid  than  him- 
self, many  of  his  operations  that  would  have  somewhat  perplexed 
a  less  able  geometer  to  demonstrate  are  left  unproved*.  The 
present,  indeed,  scarcely  deserves  to  be  classed  as  amongst  the 
difficult  ones ;  but  as  a  demonstration  may  be  satisfactory  to 
some  readers,  1  annex  a  sufficiently  simple  one. 

The  line  BH  being  found  according  to  the  construction,  let  C 


be  the  centre  of  the  circle  according  to  Euclid's  definition.  Join 
CB,  CH  :  then  it  is  required  to  prove  that  BCH  is  an  equilateral 
triangle,  from  which  the  conclusion  follows  at  once. 

Join  AC,  PC,  AP,  PH,  BL,  PL. 

Then  since  P  is  the  centre  of  the  circle  ABL,  we  have 

HLB  =  ALB=  ^APB=CPB  =  CBP; 

and  since  C  is  the  centre  of  the  circle  ABH,  we  have 
HLB  +  HBL  =  AHB=APB=2CPB=2CBP. 

^Alienee  also  HBL=CBP  =  HLB. 

Add  PHB  +  PBH  =  LBH  +  PBH,  or  CBH  =  PBL. 

But  PBL  is  an  angle  of  an  equilateral  triangle  by  construction ; 
and  hence  also  CBH  is  one  angle  of  an  equilateral  triangle. 
Moreover,  since  C  is  the  centre  of  the  circle  CB  =  CH,  and  hence 
CHB  is  another  angle  of  an  equilateral  triangle.  Whence  also 
the  third  angle  HCB,  etc. 

In  an  age  like  this,  when  science  is  so  taxed  to  minister  to  art, 
one  would  look  for  some  improvement  in  the  processes  of  prac- 
tical plane  geometry.  There  are  tv\^o  ways  in  which  a  work  on 
practical  geometry  might  be  composed.  One  is  to  give  each 
construction  at  the  place  in  a  systematic  course,  where  its  de- 
monstration would  naturally  and  easily  How  from  the  principles 

*  Mr.  Swale  was  much  in  the  habit  of  writing  short  poems  and  scraps  of 
verse.  In  aUusion  to  this  and  to  the  circiunslauce  noticed  in  the  text,  some 
of  his  friends  were  accustomed  to  rally  him  updn  his  "  writing  so  much 
poetical  geometry." 
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then  already  developed ;  just  as  Euclid  gives  the  demonstrations 
of  the  problems  in  his  lirst  four  and  his  sixth  books.  The  num- 
ber of  problems,  however,  which  are  now  required,  would  render 
it  next  to  impossible  to  write  such  a  book ;  and  even  if  it  were 
written,  it  would  be  of  little  value  to  the  class  for  whom  it  was 
designed.  The  other  is,  to  give  the  problems  according  to  any 
convenient  arrangement  for  easy  reference,  with  the  best  con- 
structions that  could  be  devised,  and  with  varieties  of  construc- 
tion to  meet  different  practical  exigences;  and  thus  omit  all 
considerations  respecting  the  different  principles  on  which  the 
operations  were  based,  in  reference  to  a  logical  system  of  theo- 
retical geometry.  The  proofs  may  be  added  or  not — making  it 
the  rule  of  science  or  the  "rule  of  thumb" — as  the  author  and 
his  publisher  may  deem  best ;  though  there  is  little  doubt  as  to 
the  course  that  would  in  most  cases  be  pursued.  The  "  cheap  " 
and  the  "  easy  "  would  prevail.  But  even  such  a  book  has  never 
been  produced  that  is  not  perfectly  contemptible  as  a  system  of 
rules.  For  the  most  part  the  problems  are  those  of  Euclid,  and 
constructed  in  Euclid^s  manner;  though  for  merely  practical 
purposes,  thei*e  are  few  of  them  which  cannot  be  effected  in  a  far 
better  manner.  Euclid  was  bound  to  certain  processes  in  his 
constructions  by  the  theoretical  truths  which  he  had  developed 
anterior  to  his  arriving  at  them ;  and  he  only  introduced  them 
at  the  places  where  they  occur  to  subserve  a  future  (generally 
the  next)  portion  of  his  theoretic  development.  It  formed  no 
part  of  his  plan  to  compose  a  treatise  on  geometiy  expressly  for 
the  use  of  the  architect,  the  engineer,  and  the  artisan ;  and  his 
plan  ought  to  form  no  exemplar  for  those  who  undertake  such 
works.  The  truth  however  is,  that  such  works  are  and  have 
been  generally  undertaken  by  men  in  all  respects  incompetent  to 
the  task.  They  have  been  men  alike  unacquainted  with  geometiy 
and  of  the  arts  to  which  it  is  capable  of  being  applied.  Very 
rarely  indeed  is  even  a  moderate  acquaintance  with  the  best  geo- 
metry found  combined  with  an  intimate  knowledge  of  the  pro- 
blems that  perpetually  embarrass  the  "  practical  man  ; "  and  such 
a  work  as  is  really  required  is  rather  a  dream  of  the  possible 
future  than  a  hope  of  the  actual  present. 

Mr.  Swale  appears  to  have  been  expert  in  the  solution  of 
"  Diophantine  Problems,"  as  several  of  apparent  difficidty  occm- 
in  these  MSS.  Probably  it  was  a  taste  acquired  by  intercourse 
with  his  friends  Whitley  and  Ryley ;  as  none,  either  of  these 
papers  or  his  published  writings,  indicate  that  algebraical  specu- 
lations in  general  interested  him  greatly.  I  am,  however,  too 
little  acquainted  with  the  literature  of  this  subject  to  be  able  to 
judge  of  the  value  of  these  solutions  as  compared  with  others ; 
or  whether  any  of  them  have  been  elsewhere  discussed,  or  are 
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still  amongst  the  desiderata  of  the  subject.  A  few  mechanical 
problems  also  occur,  chiefly  statical,  the  solutions  of  which  are 
strongly  marked  with  the  geometrical  taste  and  elegance  of  the 
writer;  but  though  they  would  be  admirably  suited  to  an  ele- 
mentary work,  they  are  not  of  a  kind  to  require  further  specifi- 
cation here. 


LXXVII.  Reports  on  the  Proyrcss  of  the  Physical  Sciences. 
By  JoHX  Tyxdall,  Ph.D.,  Marbury. 

On  the  Velocity  of  Light. — Experimental  Proof  of  the  Theory  of 

Undulation. 

1 .  Methode  ytnerale  pour  mesurer  la  vitesse  de  la  Itimiere  dans  Voir  et 

?es  milieux  fra7h'!parents,  bv  M.   L.  Foucault.     Comptes   Rendus, 
May  fi.  1850. 

2.  Sur  la  Vitesse  compnrotive  de  la  litmiere  dans  fair  et  dans  Veau,  by 

MM.  11.  Fizeau  and  L.  Breguet.     Ibid.  June  17,  1850. 

THE  state  of  Arago's  sight  has  recently  induced  him  to  resign 
the  cariying  out  of  his  proposition  of  submitting  the  two 
rival  theories  of  light  to  experimental  decision  to  ])hysicists  gifted 
with  younger  eyes.  It  is  well  known,  that,  according  to  the 
theory  of  Newton — the  so-called  emission  theory — the  velocity 
of  light  in  passing  from  a  rarer  mediiim  into  a  denser  is  increased. 
For  example,  the  index  of  refraction  in  passing  from  air  to  water 

.    4  . 

IS  ^  j  according  to  the  emission  theory,  the  velocity  of  light  in 

air  is  to  its  velocity  in  water  as  3  is  to  4.  Opposed  to  this 
stands  the  theory  of  undulation,  proposed  by  Iluyghens,  and 
supported  by  Euler,  Young  and  Fresnel.  According  to  this 
theory,  the  velocity  of  light  in  passing  from  a  rarer  to  a  denser 
medium  is  diminished;  in  the  case  of  air  and  water,  for  instance, 
the  above  ratio  is  reversed ;  the  velocity  of  light  in  air  is  to  its 
velocity  in  m  ater,  in  the  ratio  of  4  :  3.  The  genius  of  Fresnel 
has  won  for  the  latter  theory  almost  imiversal  recognition ;  a 
direct  ])roof  was  however  wanting,  and  this  urged  Arago*  to  the 
hardy  thought  of  submitting  the  question  to  an  experimental  test. 
The  rotating  mirror  of  Mr.  Wheatstone  was  proposed  as  the 
instrumental  agent  for  carrying  out  this  idea.  If  we  conceive  a 
ray  of  light  to  enter  a  dark  room  through  a  hole  in  a  window- 

*  It  ought  to  be  mentioned,  that  the  same  subject  had  occu])icd  the 
attention  of  Sir  John  Herschel  and  Mr.  "VMieatstone  some  years  before  it 
•was  mooted  by  Arago ;  and  a  proposition  was  actually  made  by  the  former 
to  scud  a  bar  of  light  through  a  tube  of  water  or  alcohol  a  mile  in  length, 
and  thus  determine  the  influence  of  this  mediiuu.  This  idea,  though  not 
so  ])ractical,  is  the  same  in  principle  as  that  of  Arago.  The  latter,  however, 
was  not  aware  that  any  such  ]iroposition  had  ever  been  made. 
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shutter,  and  to  fall  upon  the  plane  surface  of  a  reflecting  niin'or 
set  perpendicular  to  the  direction  of  the  light,  the  latter  will  be 
sent  back  along  the  path  by  which  it  entered.     If  the  reflecting 
sm-face  be  oblique  to  the  direction  of  the  light,  the  latter  ^\\\\  be 
reflected  in  some  other  direction ;  supposing  a  second  reflecting 
mirror  to  be  set  perpendicular  to  this  latter  direction,  the  light 
will  be  reflected  from  this  in  the  direction  of  the  perpendicular, 
will  again  strike  the  other  mirror,  and  be  Anally  sent  back  by 
the  latter  through  the  aperture  by  which  it  entered.     In  this 
case  the  ray  sufiers  two  reflexions  from  the  intermediate  min'or ; 
and  if  it  be  true  that  light  requires  time  in  passing  from  one 
point  to  another,   these  two  reflexions  cannot  occur  contempo- 
raneously.    A  certain  portion   of  time,  however  small,  will  be 
required  for  the  journey  to  and  fro  from  one  mirror  to  the  other. 
Supposing,  for  instance,  the  mirrors  to  be  placed  six  feet  apart ; 
the  light  proceeding  from  the  aperture  is  received  upon  the  first 
mirror  and  reflected  by  it  on  to  the  other ;  from  this  it  is  reflected 
back  again,  and  thus  accomplishes  a  journey  of  twelve  feet  between 
its  two  reflexions  by  the  first  mirror.    To  this  journey,  as  has  been 
said,  time  is  necessary.     If  the  aperture  and  the  two  mirrors  be 
perfectly  motionless,  the  path  of  the  light  in  coming  will  coincide 
with  its  path  in  returning ;  but  if,  while  on  its  route  between  the 
two  mirrors,  we  conceive  the  position  of  the  first  mirror  to  be 
changed,  that,  for  instance,  it  has  become  more  inclined  to  the 
direction  of  the  ray,  the  latter  will  not  be  reflected  in  the  hne  of 
its  approach,  but  will  be  thrown  against  the  window-shutter 
more  or  less  to  the  side  of  the  apertiu-e.     This  change  in  the 
position  of  the  mirror  during  the  almost  infinitesimal  portion  of 
time  occupied  by  the  light  on  its  twelve-feet  journey  is  accom- 
plished by  imparting  to  the  mirror  a  high  angular  velocity,  say 
a  thousand  revolutions  in  a  second.    We  here  find  oiu'selves  in 
possession  of  a  means  of  comparing  the  velocity  of  light  in  air 
with  its  velocity  in  water.    AYhen  the  mirror  rotates,   the  ray 
sent  back  does  not  strike  upon  the  aperture,  but  more  or  less  to 
the  side  of  it.     The  less  time  occupied  by  the  light  in  performing 
its  double  joui-ney  between  the  two  mirrors,  the  less  ought  this 
divergence  to  be,  and  vice  versa.     Hence,  if  the  Newtonian  theory 
be  true,  the  introduction  of  a  column  of  water  six  feet  long  ought 
to  bring  the  reflected  image  of  the  aperture  nearer  to  the  aper- 
ture  itself;  and  if  the  undulation  theory  be  true,  the  introduc- 
tion of  such  a  column  ought  to  make  the  divergence  greater. 
These   speculations  have  been  recently  submitted  to  the  test  of 
experiment,  and  the  result  has  pronounced  in  favour  of  the  theory 
of  undulation. 

Of  coui'se  such  experiments,    though    easily   described   and 
simple  enough  in  principle,  demand  considerable  delicacy  of  ma- 
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nipulation.  The  divergence  spoken  of  is  in  reality  exceedingly 
small.  In  order  to  observe  it,  J\[.  Foucault  has  made  use  of  a 
square  aperture  furnished  witli  a  number  of  vertical  bars  of  fine 
platinum  wire ;  eleven  of  these  fitted  in  the  space  of  one  milli- 
metre, and  between  each  two  there  was  a  small  space  through 
which  the  light  entered.  The  image  given  by  this  was  a  small 
field  furrowed  with  alternate  black  and  white  stripes.  The  light 
after  entering  through  this  aperture  fell  upon  a  lens  by  which  it 
was  converged,  but  before  it  came  to  a  focus  on  the  opposite  side 
it  fell  upon  the  rotating  mirror ;  it  was  thence  cast  upon  a  con- 
cave mirror  placed  about  six  feet  distant,  which  reflected  it  back 
again.  By  a  peculiar  artifice  M.  Foucault  was  enabled  to  com- 
pare with  great  nicety  the  divergence  of  the  black  and  white 
stripes  in  the  image  from  the  platinum  wires  and  their  inter- 
vening spaces.  ''  I  have  already  proved,"  says  M.  Foucault,  "  by 
two  successive  operations,  that  the  deviation  of  the  image  after  the 
journey  of  the  light  through  air  is  less  than  after  its  journey  through 
water.  I  have  also  made  another  confirmatory  experiment, 
which  consists  in  observing  an  image  formed  partly  by  light 
which  has  passed  through  air,  and  partly  by  light  which  has 
passed  through  water.  For  small  velocities,  the  stripes  of  this 
mixed  image  were  apparently  continuations  of  each  other.  But 
by  the  acceleration  of  the  motion  the  image  is  transported,  and  the 
stripes  are  broken  at  the  point  of  junction  of  the  air  image  with 
the  water  image.  The  stripes  of  the  latter  take  the  advance  in  the 
sense  of  the  general  deviation.  Further,  on  taking  into  account 
the  length  of  water  and  of  air  traversed,  the  deviations  are  found 
to  be  proportional  to  the  indices  of  refraction.  These  results  indi- 
cate a  velocity  of  the  light  ivhich  is  less  in  water  than  in  air,  and, 
according  to  the  views  of  M.  Arago,  fully  establish  the  theory  of 
undulation." 

The  following  interesting  article  on  the  same  subject  is  from 
MM.  Fizeau  and  Breguet. 

We  have  realized  with  great  exactitude  the  experiment  de- 
scribed in  our  note  presented  to  the  Academy  during  its  session 
of  the  6th  of  May  last ;  an  experiment  which  we  felt  called  upon 
to  make,  although  M.  Foucault  in  the  same  session  had  read  an 
extended  paper  upon  this  subject,  in  which  he  announces  that  he 
has  already  obtained  decisive  results. 

We  have  thought  that,  for  the  solution  of  a  capital  question 
like  the  present,  the  ])roofs  could  not  be  too  much  multiplied, 
and  that  experiments  made  under  diff"i'rent  circumstances  could 
not  but  contribute  to  render  our  knowledge  of  an  important  fact 
more  certain. 

We  have  applied  ourselves  to  the  solution  of  the  question  as 
proposed  by  M.  Arago  in  1848 ;  that  is  to  say,  How  can  the 
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two  opposite  theories  regarding  the  natui-e  of  light  be  submitted 
to  a  definite  test  ?  We  have  adopted  such  measures  as  are  cal- 
culated to  exhibit  in  a  striking  manner  the  differences  of  the 
phaenomena  as  deduced  from  the  one  or  the  other  theory. 

As  remarked  in  oui*  precechng  communication,  the  obsenation 
was  made  simultaneously  on  two  bundles  of  light ;  the  one  having 
traversed  the  air,  the  other  a  column  of  water. 

For  each  of  these  bundles  the  path  was  as  follows : — A  tele- 
scope was  so  disposed  that  its  object-glass  was  very  near  the 
rotating  min'or ;  a  little  rectangular  prism  was  placed  in  the 
focus  of  the  telescope,  in  such  a  position  that  the  solar  rays  fall- 
ing upon  it  from  a  convenient  lateral  opening  near  the  eye-glass, 
were  totally  reflected  towards  the  object-glass. 

Beyond  the  rotating  mirror,  and  at  a  distance  which  for  the 
ray  that  passed  through  water  amounted  to  two  metres,  there 
was  a  fixed  reflector  designed  to  send  back  the  hght  to  the  rota- 
ting mirror  by  a  nonual  reflexion. 

The  focal  distance  of  the  telescope  was  such  that  the  image  of 
the  little  prism  placed  at  its  focus  formed  itself  distinctly  upon 
the  fixed  reflector  just  mentioned.  After  ha^ing  been  reflected 
fi'om  it,  the  light  returned  to  the  rotating  mirror,  was  sent  on 
through  the  telescope,  and  on  passing  the  tbcus  formed  an  image 
which  exactly  covered  the  prism. 

By  the  rotation  of  the  mirror  we  give  birth  to  a  number  of 
images  which  succeed  each  other  veiy  rapidly,  and  the  super- 
position of  which  produces  the  sensation  of  a  pemianent  image. 

When  the  rotation  became  sufficiently  rapid,  the  pemianent 
image  was  pushed  forwai'd  in  the  direction  of  rotation,  this  de- 
viation being  the  result  of  the  angular  motion  of  the  miri'or 
during  the  time  occupied  by  the  light  in  passing  twice  over  the 
space  which  separated  it  from  the  fixed  mirror. 

A  second  similar  fixed  mirror  was  placed  beside  the  former :  it 
permitted  us  to  make  the  experiment  with  air  and  water  simul- 
taneously. 

If  the  lengths  traversed  had  been  equal  for  both  media,  the 
times  occupied  in  passing  them  would  be  in  the  ratio  of  4:3  or 
of  3 :  4,  accordinrr  to  the  one  or  the  other  theory,  and  the  devia- 
tions produced  by  the  rotation  of  the  miiTor  would  have  been  in 
the  same  ratio. 

Instead  of  equal  lengths  we  have  adopted  equivalent  lengths ; 
that  is  to  say,  lengths  traversed  by  the  light  in  equal  times. 
These  lengths  are  veiy  different,  according  as  they  are  calculated 
fi-om  the  one  or  the  other  theoiy.     The  length  for  water  being  1, 

the  equivalent  length  for  air  would  be  -r  by  the  theory  of  emis- 

4 
sion,  and  ^  by  the  theory  of  undulation. 
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If  the  cxpciimcut  be  iiiaclc  by  adopting  the  length  -  for  air, 

that  of  water  being  1,  according  to  the  theory  of  emission  the 
times  occupied  by  the  two  bundles  of  light  in  ])assing  over  these 
spaces  will  be  equal,  and  consequently  the  deviations  will  be 
equal.  By  the  other  theory,  on  the  contrary,  the  times  occupied 
by  the  light  in  passing  through  both  media  will  be  very  different  ; 
these  times  will  be  for  water  and  for  au'  in  the  ratio  of  16  to  9, 
and  the  deviations  will  be  in  the  same  ratio. 

To  coincide  with  the  one  or  the  other  theory,  it  will  therefore 
be  sufficient  to  prove,  either  that  the  deviations  are  equal,  or 
that  one  is  nearly  double  the  other. 

If  the  equivalent  lengths  calculated  from  the  theory  of  luidu- 
lation  be  taken,  the  results  will  be  similar,  but  inverse. 

According  to  the  theory  of  emission,  the  deviations  will  be  in 
the  ratio  of  16  :  9;  according  to  the  other  theory,  they  will  be 
equal. 

We  have  made  these  two  experiments,  and  the  results  obtained 
are  very  exact.  The  phjenomena  observed  are  altogether  in  ac- 
cordance with  the  theory  of  undulation,  and  in  manifest  oppo- 
sition to  the  theory  of  emission. 

In  the  first  arrangement  the  deviation  is  greater  for  water  than 
for  air;  it  is  nearly  double.  The  difference  is  sensible  with  a 
velocity  of  400  or  500  revolutions  per  second ;  with  a  velocity  of 
1500  revolutions  it  becomes  quite  evident. 

In  the  second  arrangement  the  deviation  is  the  same  for  air 
and  water ;  and  whatever  be  the  velocity  of  the  mirror,  there  is 
no  sensible  difference  between  the  two  deviations. 

These  experiments  have  been  made  in  the  meridian  room  of 
the  observatoiy ;  the  column  of  water  was  2  metres  long,  and 
was  contained  in  a  crystal  tube  closed  at  the  ends  with  glass. 
This  length  is  more  convenient  than  that  which  we  at  first  em- 
ployed, namely  3  metres.  The  light  is  less  weakened,  and,  after 
its  double  ])assage,  retains  an  intensity  which  may  be  estimated 
at  double  of  that  which  was  obtained  with  the  tube  of  3  metres. 

The  deviations  were  observed  at  a  distance  of  1'50  millim.  from 
the  rotating;  mirror. 


LXXVIII.  On  the  Law  of  the  Compi-essibilitij  of  Water  at  different 
Temperatures.  %W.  J.  Macquorx  Rankine,  F.R.S.E.  (Sfc* 

HAVING  lately  had  occasion,  in  the  course  of  some  theoreti- 
cal researches  on  the  velocity  of  sound  in  liquids,  to  en- 
deavour to  represent  the  experiments  of  ^1.  Grassi  on  the  com- 

*  Coiuraunicated  by  the  Author,  having  been  read  to  the  Royal  Society 
of  Edinburgh,  April  /",  1851. 
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pressibilities  of  distilled  water  at  different  temperatures  {Comptes 
Rendus,  xix.)  by  an  empirical  formula,  I  was  much  struck  on 
unexpectedly  finding  that  they  followed  sensibly  this  law : — 

The  compressihility  of  ivater  is  inversehj  proportional  to  the 
density  multiplied  by  the  temperature,  as  measured  from  the  abso- 
lute zero  of  a  perfect  gas-thermometer,  viz.  a  point  274°*6  below 
the  ordinary  zero  of  the  Centigrade  scale,  and  46.2°"28  below 
that  of  Fahrenheit's  scale. 

Hence  the  compressibility  of  water  varies  according  to  the 
same  law  with  that  of  a  gas. 

To  express  the  law  symbolically,  let  d  represent  the  fraction 
by  which  unity  of  volume  of  water  is  compressed  by  a  pressure 
of  one  atmosphere,  D  the  density  of  the  water,  its  maximum 
density  being  taken  as  unity,  and  t  the  temperature  measured 
from  the  absolute  zero ;  then 

1 


D  = 


KtD" 


K  is  a  constant  coefficient,  the  value  of  which  is — 
For  the  Centigrade  scale,  72  atmospheres  per  degree. 
For  Fahrenheit's  scale,  40  atmospheres  per  degree. 

The  following  table  exhibits  a  comparison  between  the  results 
of  the  formula  and  those  of  M.  Grassi's  experiments.  It  will  be 
observed,  that  the  discrepancies  are  extremely  small,  and  follow 
no  regular  law,  being  sometimes  positive  and  sometimes  negative. 

The  value  of  the  single  constant  in  the  formula  K  was  deduced 
from  the  mean  of  the  first  and  second  experimental  results.  The 
values  of  the  density  D  were  computed  by  means  of  the  empi- 
rical formula  in  my  paper  On  the  Expansion  of  Liquids,  pub- 
lished in  the  Edinburgh  ^e\N  Philosophical  Journal  for  October 
1849. 
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As  it  has  not  yet  been  ascertained  whether  this  law  is  appli- 
cable to  other  liquids  and  to  water  at  higher  temperatures,  I 
refrain  for  the  present  from  drawing  any  theoretical  conclusions 
from  it. 

London,  Mai-ch  1851. 
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LXXIX.  Description  of  the  Gyreidometer ,  an  Insti'ument  suited  to 
the  exact  Measurement  o/"  Newton's  Rings.     By  E.  Wilde*. 

[With  a  Plate.] 

A  FEW  years  ago  an  instrument  was  constructed  by  Jcricau, 
which,  by  giving  a  certain  position  to  the  glasses  used  in 
the  experiment,  was  peculiarly  suited  to  the  exhibition  of  the 
coloured  rings  of  Newton.  This  end  was  accomplished  by  giving 
a  plate  of  glass  with  parallel  surfaces  a  small  inclination  towards 
a  moveable  ])lane  which  contained  the  convex  lens.  The  arrange- 
ment permitted  of  the  slow  approach  of  the  glasses,  and  the 
alterations  of  the  rings  due  to  this  approach  were  easily  observed. 
The  instrument  was  named  a  gyreidoscope. 

In  the  gyreidometer  the  above  convenient  arrangement  of  the 
glasses  has  been  substantially  retained.  To  render  the  instru- 
ment suited,  however,  not  only  to  the  exhibition  of  the  rings, 
but  also  to  their  measurement,  a  different  arrangement  in  other 
respects  had  to  be  resorted  to. 

The  following  are  the  parts  which  go  to  the  construction  of 
the  gyreidometer  :  a  (Plate  III.  tig.  1)  is  a  brass  plate,  in  which 
is  placed  a  slide  b,  which  can  be  moved  by  the  micrometer- 
screw  c;  </  is  a  plate  of  glass  mth  parallel  surfaces,  under  which 
is  placed  the  convex  lens ;  the  plate  is  inclined  at  a  small  angle 
to  the  horizontal  path  of  the  lens,  and  is  held  in 'this  position  by 
the  rest  e  and  the  screw/.  To  save  the  plate  of  glass  from  frac- 
ture, the  screw  is  caused  to  pass  through  a  spring,  which,  when 
the  glasses  are  closely  pressed,  jdelds  a  little ;  g  and  g'  are  two 
arms  capable  of  rotating  in  a  vertical  plane ;  they  carry  the  brass 
plate  h,  which  holds  a  second  slide ;  the  latter  can  be  moved  by 
the  micrometer-screw  k ;  m  is  a  microscope  fastened  to  this  slide, 
around  the  axis  of  which  the  entire  plate  h  permits  of  being 
turned ;  n  is  an  arch  graduated  to  quarter  degrees ;  over  it  moves 
a  vernier,  which,  by  means  of  the  screw  p,  can  be  fastened  to 
the  arm  g.  In  order  to  be  able  to  measure  the  angles  of  inci- 
dence and  reflexion  to  a  minute,  a  space  equal  to  14  divisions  of 
the  arch  is  di\dded  into  15  parts  on  the  vernier.  The  entire 
apparatus,  including  the  microscope,  ought  to  be  only  about  7 
inches  long,  the  same  in  height,  and  2|  inches  wide. 

The  point  O  of  the  arch  n,  and  the  inclination  of  the  plate  of 
glass  to  the  path  of  the  slide  underneath,  were  determined  in 
my  instrument  by  reflexion.  By  means  of  the  screw  e  and  of 
three  leveling-screws,  the  plate  of  glass  and  the  lens  were 
brought  into  such  a  position,  that  when  the  slide  containing  the 
latter  was  moved,  no  alteration  in  the  colour  of  the  rings  followed, 
thus  pro\dng  that  the  plate  of  glass  was  parallel  to  the  path  of 

*  Translated  from  Poggendorff's  Annalen,  vol.  Ixxxi.  p.  264. 
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the  slide.  The  convex  lens  was  then  removed,  and  a  coat  of  tin- 
foil was  laid  upon  the  under  surface  of  the  plate  of  glass.  The 
lenses  were  now  removed  fi'om  the  microscope,  and  the  latter 
was  so  placed  that  the  reflected  images  of  its  top  and  bottom 
openings  appeared  concentric ;  the  point  0  of  the  arch  was  taken 
for  this  vertical  position  of  the  microscope.  The  latter,  by  means 
of  the  vernier,  was  then  moved  S-ig  minutes  beyond  0,  and  the 
plate  of  glass  was  so  placed  that  the  microscope  stood  perpen- 
dicular to  it  as  before.  By  this  means  an  inclination  of  34^ 
minutes  was  given  to  the  glass ;  and  this  angle  being  deter- 
mined, the  tinfoil  was  removed  from  the  surface  of  the  latter. 

A  hundred  revolutions  of  the  under  micro Dieter-screw  causes 
a  horizontal  motion  of  one  inch;  the  head  is  divided  into  100 
parts,  every  one  of  which  therefore  corresponds  to  a  motion  of 
the  slide  equal  to  0-0001  of  an  inch.  This  length  of  O'OOOl  of 
an  inch  is  represented  by  ab  (fig.  2) ;  hence  while  the  point  a  of 
the  slide  moves  onwards  to  b,  the  summit  of  the  lens  approaches 

tan  34— ' 
the  surface  of  the  glass  above  it  by  the  distance  df=   -,  „„^^  . 
^  J  '^       10000 

The  tangent  of  34^'  is  =0'01 ;  and  hence  for  every  division  of 

the  head  of  the  screw  c  when  turned,  an  approximation  of  the 

glasses  equal  to  O'OOOOOl  of  an  inch  is  effected.     To  obtain  this 

proportion,  we  have  chosen  the  particular  inclination  34^'  of  the 

plate  of  glass  to  the  slide  underneath. 

In  like  manner  100  revolutions  of  the  upper  micrometer-screw 
k  go  to  an  inch ;  the  head  of  this  screw  also  being  divided  into 
100  parts,  by  means  of  the  fine  hair  which  stretches  across  the 
middle  of  the  field  of  view  of  the  microscope,  and  which,  when 
the  screw  is  turned,  moves  along  the  diameters  of  the  rings,  the 
length  of  these  diameters  can  be  measured  to  0*0001  of  an  inch, 
and  can  with  tolerable  certainty  be  estimated  to  0*00001  of 
an  inch. 

The  care  with  which  Newton  200  years  ago  observed  the  rings 
formed  between  two  'glass  lenses  is  tridy  deseiwing  of  admii*ation, 
the  more  so  as  his  measurements  were  made  with  a  pair  of  com- 
passes and  with  miassisted  eyes.  On  this  account  he  found  him- 
self compelled  to  choose  lenses  with  radii  from  40  to  50  feet  in 
length ;  for  as  the  diameters  of  the  rings  stand  in  the  ratio  of 

,       .,       ,  where  6  and  <f>'  denote  the  radii  of  curvatm'e  of  the 

lenses,  when  the  values  of  (f)  and  </>'  are  so  great  as  above  given, 
the  diameters  of  the  rings  themselves  must  be  considerable  ;  and 
in  this  way  an  accurate  measurement  of  them,  even  with  imper- 
fect apparatus,  is  rendered  possible.  It  requires,  however,  the 
utmost  care  and  trouble  to  prepare  glasses  of  this  description. 
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In  homogeneous  light  we  obtain  a  great  number  of  rings,  even 
when  the  radius  is  only  a  few  feet  long ;  and  with  such  glasses, 
by  means  of  the  gyreidometer,  the  properties  of  the  colours  can 
be  observed  with  sufficient  accuracy.  AVere  the  bottom  of  the 
case  o,  and  of  the  slide  b  broken  through  beneath  the  place 
where  the  lens  rests,  the  instrument  would  be  suitable  to  the 
observation  of  the  rings  formed  by  trammitted  liyht.  By  it  also 
can  be  measured  the  rings  formed  between  glass  and  metal,  or 
any  other  solid  opake  body ;  it  being  merely  necessary  to  form 
a  lens  from  the  body,  and  to  set  it  in  the  place  which  the  glass 
lens  has  been  supposed  to  occupy  in  the  foregoing  description. 

LXXX.  Pendulum  Expei'iments.     By  Thomas  G.  Bunt. 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen,  Bristol,  May  19,  1851. 

DURING  the  last  three  or  four  weeks  I  have  been  devoting 
much  time  and  attention  to  a  series  of  pendulum  experi- 
ments, similar  to  those  of  Foucault  in  Paris,  and  carefully  re- 
cording the  particulars  of  each,  in  order  to  obtain  from  actual 
observation  the  true  amount  of  angular  motion  of  the  plane  of  a 
pendulum\s  vibration  in  this  latitude  (51'^  27'),  and  compare  it 
with  the  results  which  mathematicians  are  endeavouring  to  obtain 
from  rigorous  analysis. 

The  lofty  spire  of  St.  Nicholas  in  this  city,  which  rises  to  a 
height  of  about  190  feet  from  the  ground,  was  the  building 
selected  for  these  experiments ;  and  its  admirable  adaptation  to 
my  purpose  has  been  one  of  my  chief  inducements  to  pm'sue 
them.  The  octagonal  spire,  which  rests  on  a  square  tower,  is 
divided  by  a  floor  into  two  compartments  or  chambers  of  about 
equal  height;  in  the  lower  of  these,  measuring  19^  feet  in  dia- 
meter below,  and  9i  feet  above,  I  suspended  a  pendidum  of  53 
feet  in  length.  A  steel  wire  ^V^^^  ^^  ^"  iwch.  in  diameter  was 
made  to  pass  tightly  through  a  hole  in  a  steel  plate  fixed  to  the 
upper  floor,  and  firmly  fastened  to  a  support  above.  From  this 
is  suspended  a  leaden  ball  weighing  53^  lbs.,  a  solid  of  revolu- 
tion, and  nearly  a  sphere.  From  the  bottom  of  the  ball  projects 
a  pointed  wire  index ;  and  about  \  of  an  inch  under  this  is  a  pin 
driven  into  the  floor,  around  which,  as  a  centre,  is  described  and 
carefully  divided  into  degrees,  a  circle  of  about  9^  feet  diameter. 
The  zero  and  180°  of  this  circle  are  in  the  true  meridian. 

The  slight  elliptic  motion  which  the  pendulum  after  a  short 
time  acquires,  and  which,  I  believe,  no  precautions  will  entirely 
prevent,  has  been  throughout  these  experiments  most  carefully 
watched  and  recorded ;  and  during  the  latter  portion  of  them,  I 
have  been  accustomed  not  to  permit  it  to  exceed  \  of  an  inch  ; 
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that  is  to  say,  the  pendulum  index  at  every  vibration  passes 
within  that  distance  of  the  pin  in  the  centre  of  the  cii'cle.  Wlien- 
ever  the  ellipticity  (or  semi-conjugate  axis)  begins  to  exceed  that 
amount,  I  consider  it  time  to  stop  the  pendulum  and  commence 
afresh.  The  direction  of  the  elliptic  motion  is  also  recorded  : 
when  like  that  of  the  hand  of  a  watch,  it  is  called  '  direct/  and 
marked  +  ;  when  the  contrary,  it  is  called  '  retrogi'ade/  and 
marked  with  the  sign  — .  The  motion  of  the  line  of  apsides  of 
these  ellipses  (as  IMr.  Sylvester  has  lately  pointed  out)  is  mixed 
up  with,  and  considerably  affects  the  apparent  amount  of,  that 
of  the  plane  of  vibration  resulting  from  the  rotation  of  the  earth  ; 
adding  to  it  when  the  elliptic  movement  is  direct,  and  subtract- 
ing from  it  when  retrograde. 

In  beginning  an  experiment,  I  draw  the  pendulum-ball  aside 
until  it  is  nearly  over  the  circumference  of  the  circle,  suddenly 
disengage  it,  and  then  usually  communicate  to  it,  by  a  touch  on 
one  side,  a  slight  amount  of  elliptic  motion,  about  equal  and  con- 
trary to  what  was  observed  at  the  end  of  the  last  experiment. 
In  this  manner  I  at  first  thought  the  errors  of  ellipticity  might 
be  neutralized  and  eliminated;  but  having  since  constructed, 
from  observation,  a  table  of  these  errors  for  every  tenth  of  an 
inch  of  ellipticity  +  and  — ,  I  now  introduce  into  every  experi- 
ment a  tabular  correction  for  the  ellipticity  observed.  Seventy- 
eight  experiments,  averaging  twenty  minutes  each,  thus  arranged 
into  eight  groups,  gave  the  following  results  : — 


Mean  ellipticity  of 
the  group. 

Error  in  hourly     |  Number  of  experi- 
motion  of  plane  of        ments  in  each 
vibration.          j            group. 

inch. 

+0-320 

+0-230 

+0-130 

+0040 

-0046 

-0-147 

-0-249 

-0-350 

-0-450 

+2-16 
+  109 
+  M8 
+0-74 
-0-73 
-1-36 
-0-85 
-3-22 
-3-25 

5 

10 

8 

8 

16 

12 

10 

4 

5 

On  a  mean  length 
of  arc  of  about 
7  feet. 

These  quantities,  thrown  into  a  curve  by  the  usual  method  of 
rectangular  coordinates,  give  a  series  of  points  falling  nearly  in 
a  straight  line ;  and  by  paring  off  slight  irregularities,  show 
that  0°-7  per  hour  is  pretty  nearly  the  required  correction  for 
every  tenth  of  an  inch  of  ellipticity,  on  an  arc  of  7  feet. 

The  following  summary  contains  the  result  of  each  da/s  work. 
[It  will  be  seen  that  the  degrees  of  the  circle  have  not  been  very 
regularly  followed :  this  irregularity  was  produced  by  accidental 
causes  merely.] 
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Pendulum  Eocperiments  in  St.  Nicholas  Spire,  Bristol. 
Lat.  51°  27'  N. 


Date. 

Observed  mo- 
tion of  plane 
of  vibration. 

Time. 

Correction  for        Part  of  circle 
ellipticity.      j        observed. 

Motion  per 
hour. 

1851. 

May    1. 
2. 
3. 
5. 

o 
19-2 

61-9 

552 

19-0 

min. 
100-9 

315-7 

277-4 

101-9 

+2-5 
+  1-2 
+  1-1 
+01 

27  to  47 
r   0...48-1 
160...  80/ 

80...  134 
/18...271 
147. ..58/ 

12-89 
12-04 
12-18 
11-24 

Correction 

155-3              795-9 

+     4-9 

+  4-9  I 
correction  / 

160"2  in  795'9  miu.,  being  a  rate  per  Imnr  of 

.     12-075 

May  7. 
10. 

12. 

13. 
14. 
15. 
16. 

19-3 
27-7 

12-95 

38-68 
16-95 
19-8 
22-65 

80-5 
135-5 

73-1 

197-4 

85-5 

108-8 

114-4 

-1-2 
+0-8 

+  1-4 

+2-0 
-0-4 
+0-6 
-06 

136  to  158 

150...  176 

r   50...    541 

J.  165  ...169  y 

[l86...189j 

129. ..169 

169  ...  186 

7...    27 

27...    50 

13-50 
12-59 

11-78 

12-36 
11-86 
11-14 
11-85 

Correction 

158-03 
+     2-6 

795-2 

+2-6  1 
correction  j 

160-63  in  795-2  min.,  being  a  rate  p 
Experiments,  R 

er  hour  of 12-120    1 

lay  1  to  5  (abovf 

i)...  12075 

A 

12-0975 

I 

This  is  a  little  more  than  in  proportion  to  the  sine  of  the  lati- 
tude, which  gives  11°"7309  per  hour.  It  appears  however  to  be 
pretty  generally  admitted  by  mathematicians,  that  the  law  of 
the  sine  of  the  latitude  is  to  be  considered  only  as  an  approxi- 
mation to  the  truth.  I  anxiously  await  the  result  of  a  rigorous 
solution  of  this  interesting  problem,  and  am.  Gentlemen, 

Yours  I'espectfuUy, 

Thomas  G.  Bunt. 


LXXXI.  On  the  Rotation  of  the  Earth.  By  the  Rev.  J.  A.  Coombe, 
late  Felloiv  of  St.  John's  College,  Cambridge'^. 

THE  pendulum  experiment  of  M.  Foucault,  in  proof  of  the 
carth^s  rotation  about  its  axis,  deservedly  attracts  at  pre- 
sent a  large  share  of  public  attention.     Several  correct  solutions 
*  Communicated  bv  the  Author. 
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of  this  question  have  been  advanced  by  different  writers.  Still 
there  is  difficulty^  if  not  doubt,  left  upon  the  minds  of  many 
persons,  to  whom  a  lucid  explanation  of  the  phsenomenon  would 
be  a  great  relief  and  gratification.  It  is  for  the  assistance  of 
such  indiWduals  that  I  have  attempted  in  this  paper  a  threefold 
solution  of  the  problem ;  the  two  first  being  perhaps  more  strict 
and  geometiical,  the  last  more  popular.  In  py^inciple  these  solu- 
tions would  be  found  identical  with  each  other,  as  well  as  with 
those  that  have  been  proposed  by  other  writers.  The  varied  fbi-m 
under  which  they  appear  will,  it  is  hoped,  recommend  them 
to  different  classes  of  readers. 

The  nature  of  the  erperiment  itself  I  need  hardly  describe,  as 
the  details  of  it  are  so  generally  known.  In  explaining  the 
rationale  of  this  interesting  phsenomenon — 

I.  Let  us  look  upon  it,  in  the  first  place,  in  the  light  of  a 
strictly  d}Tiamical  problem. 

Let  CP  (fig.  1)  be  the  axis 
about  which  the  earth  (consi- 
dered here  as  a  sphere)  rotates 
VTith.  an  angular  velocity  =&). 

Let  A  be  the  place  of  obser- 
vation in  latitude  X. 

Let  DQfl?  be  the  horizontal 
circular  table  (centre  A)  over 
which  the  pendulum  suspended 
at  K  oscillates,  and  which  may 
be  considered  identical  with 
the  sui'face  of  the  eaith  around 
A. 

Let  PA  be  the  meridian,  in 
which,  for  the  sake  of  simph- 
city,   we  will   suppose  the  pendulum   to  be  oscillating  at  the 
moment  under  consideration. 

Join  CA,  and  di-aw  CB  in  the  plane  PC  A  perpendicular  to  CA. 

Now  as  the  table  revolves  about  the  axis  CP,  it  may  be  con- 
sidered as  partaking,  at  this  instant,  of  three  separate  and  inde- 
pendent motions  about  three  rectangular  axes  parallel  to  its  prin- 
cipal axes, — 

\iz.  about  CA  perpendicular  to  the  plane  of  the  table; 
about  CB  parallel  to  the  plane  of  the  table ; 
about  a  thii-d  axis  through  C  perpendicular  to  the  plane 
of  the  paper ; 
which  will  be  parallel  to  a  line  drawn  through  A  perpendicular 
to  Dd  in  the  plane  of  the  table. 

Now  there  is  evidently,  fi-om  the  nature  of  the  motion,  no  ten- 
dency to  rotate  about  the  third  axis ;  because  the  plane  of  the 
table  always  intersects  the  axis  CP  in  one  point,  which  is,  as  it 

2P2 
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were,  the  vertex  of  a  cone.   Therefore  the  angular  motion  w  may 
be  supposed  to  be  made  up  of — 

(Up  an  angular  motion  about  CA  perpendicular  to  the  table;  and 

6>.2,  an  angular  motion  about  CB  jnivallel  to  the  table. 
Now  with  respect  to  this  angular  motion  w^  of  the  plane  and 
centre  of  the  table  about  CB,  it  is  evident  that  the  plane  of 
vibration  of  the  pendulum  KDfl(  partakes  of  it  similarly  and 
equally,  because  the  plane  of  vibration  is  always  necessarily  per- 
pendicular to  the  plane  of  the  table.  And  indeed  if  there  were 
no  other  motion  than  this,  the  case  would  be  precisely  similar  to 
that  at  the  equatur ;  the  plane  of  the  table  would  have  no  motion 
about  its  oiv/t  centre  in  its  oun  plane,  and  therefore  there  would 
be  no  apparent  motion  of  the  plane  of  vibration.  We  would 
therefore  designate  this  motion  w^,  which  at  each  instant  takes 
place  about  an  axis  parallel  to  the  ])lane  of  the  table,  by  the  term 
equatoreal. 

It  is  the  remaining  angular  motion  &>,  which  gives  rise  to  the 
pluenomenon,  by  virtue  of  which  the  table  rotates  in  its  own 
plane  and  about  its  own  centre.  Were  this  the  only  motion,  the 
case  is  precisely  similar  to  that  which  would  occur  at  the  poles  of 
the  earth,  and  we  shall  therefore  denominate  it  as  the  polar  mo- 
tion of  the  table. 

Now  the  plane  of  vibration  does  not  evidently  partake  of  this 
polar  motion ;  just  in  the  same  way  as  a  smooth  marble  moving 
along  a  smooth  table  would  not  partake  of  the  motion  of  that 
table  rotating  in  its  own  plane  beneath  it.  The  point  of  sus- 
pension, the  w  ire,  and  the  ball  itself,  participate  in  it ;  but  not 
so  the  plane  of  vibration,  and  therefore  not  the  line  of  vibration 
traced  upon  the  table.  Hence  by  virtue  of  this  angular  motion 
&>!,  the  plane  of  the  table  rotates  about  its  o\w\  centre  beneath 
the  pendulum  ;  or  to  a  spectator  mo^^ng  with  the  table,  the  plane 
of  the  pendulum  will  appear  to  revolve  round  M'ith  an  angular 
velocity  a.',.  This  is  the  explanation  of  the  phenomenon  so  far  as 
the  mere  fact  of  the  shifting  of  the  line  of  vibration  is  concerned. 

The  next  point  for  discussion  is  as  to  the  magnitude  of  the 
quantity  Wj  in  terms  of  the  latitude.  The  angular  motion  <o 
may,  as  we  have  seen,  be  resolved  into  o),  and  Wc,- 

Let  Q  be  any  point  in  the  plane  of  the  table.  Join  AQ,  PQ, 
BQ  by  arcs  of  great  circles.  Then,  since  the  resultant  angular 
motion  is  about  CP,  the  als:ebraic  sum  of  the  resohcd  velocities 
ofQinPQ  =  0; 

.'.  Wi  sin  AQ  sin  AQP  — 6)0  sill  BQ  sin  BQP  =  0, 

or  ft),  sin  AP  =  &)2sin  BP (1.) 

Again,  the  velocity  of  Q  perpendicular  to  QP  =  a>rsinPQ  (if 
CP=;-).     But  this  also 

=  ?•  { fi)i  sin  AQ  cos  AQP  +  Wo  sin  BQ  cos  BQP } . 
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This  expression,  when  the  values  of  cos  AQP,  cos  BQP  are  sub- 
stituted, taking  notice  of  (1.),  and  also  that 
cosAPQ=- cosBPQ, 
easily  reduces  and  becomes  equal  to 

sinPQ 

smi3r 
Therefore  &),=&)  sin  BP  =  tu  sin  \. 

Hence  the  time  of  the  ajjparent   revolution  of  the  pendulum 
24 


sinX 


hours. 


In  the  latitude  of  London  this  becomes  30"6  hours  nearly, 
which  will  be  about  the  time  observed  in  an  experiment  carefully 
conducted;  every  possible  source  of  disturbance,  arising  from 
imperfect  centring  of  weight,  accidental  vibrations,  cm-rents, 
and  apsidal  motion,  being  removed. 

It  has  been  well-observed  by  Mr.  Sylvester,  that  although  the 
plane  of  vibration  does  not  partake  of  this  polar  motion,  yet 
neveitheless  the  ball  of  the  pendulum  does,  and  hence  it  will 
rotate  about  its  own  axis  in  the  same  time  as  the  table ;  the 
result  of  which  is,  that  a  feather  stuck  in  the  ball  will  always 
turn  to  the  same  point  of  the  compass. 

II.  Again,  we  may  look  upon  the  problem  as  the  result  of  the 
difference  between  the  horizontal  velocity  of  the  ball  of  the  pen- 
dulum (which  is  the  same  as  that  of  the  centre  of  the  table),  and 
the  various  points  of  the  table  over  which  it  sweeps  in  its  oscil- 
lation. Let  the  figure  2  be  similar  to  the  former,  and  the  pen- 
dulum be  supposed  to\-ibrate  in  the  meridian  during  an  oscillation. 


Draw  DN,  A^I,  dn  per- 
jjendicular  to  the  axis  of 
the  earth,  and  let  the  tan- 
gent diy  meet  the  axis  in 
0.  Also  let  dg  be  the 
parallel  circle  in  which  d 
moves. 

It  is  evident  that  the 
points  D,  A,  d  are  moving- 
round  the  axis  of  the  earth 
with  different  velocities;  for 
they  make  a  complete  re- 
volution, in  the  same  time, 
in  circles  whose  radii  are 
respectively 

DN 

AM 

and      dn 


Fiff.  2. 
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and  they  move  with  velocities  respectively  equal  to 
oj.DNl  &).OD.sin01 

W.AM  K.  or  to  ctt.OA  .sin^  )►. 
and  (D.dn    j  <o. Od  .  sin  6\ 

These  motions  will  not  be  altered  if  we  suppose  the  earth  to 
be  at  rest,  and  the  pendulum  and  table  to  be  carried  round  it. 
Let  now  a  motion  equal  and  opposite  to  that  of  A  be  commu- 
nicated, for  the  instant,  to  the  pendulum  and  every  point  of  the 
line  J) Ad.  What  will  be  the  result  ?  A  will  be  reduced  to  rest. 
And  ^vith  respect  to  the  point  d,  and  to  the  points  between  A 
and  d,  since  their  velocity  was  originally  greater  than  that  of  A, 
they  will  move  with  their  excess  of  motion  in  the  direction  of 
the  arrow ;  while  with  regard  to  D,  and  points  between  it  and 
A,  their  velocity  being  originally  just  as  much  in  defect  of  A, 
they  will  be  made  to  move  round  A  in  the  direction  of  the  arrow 
with  velocities  exactly  corresponding  to  those  between  A  and  d. 
The  effect  will  therefore  be  a  rotatory  motion  round  A ;  and  we 
proceed  to  prove,  that,  for  the  instant,  this  motion  will  be  in  the 
plane  of  the  table. 

We  suppose  that  for  an  instant  all  the  points  in  the  plane  of 
the  table  are  moving  in  the  tangent  plane  to  the  surface  at  A. 
Let  dfhe  a.  tangent  to  the  circle  dg ;  this  will  be  the  direction 
of  d's  motion ; 

.'.  df  is  perpendicular  to  dn  : 

and  dn  being  the  common  intersection  of  the  planes  of  the  meri- 
dian and  that  of  the  parallel  circle  dt/,  it  follows  that  df  is  per- 
pendicular to  the  plane  P^/i,  and  therefore  perpendicular  to  Ac?, 
Hence  df  is  a  tangent  to  the  plane  of  the  table  ;  and  so  of  the 
other  points.  Hence,  for  the  instant,  every  point  in  the  table  is 
turning  in  its  own  plane  about  A  fixed  with  a  certain  angular 
velocity.     To  ascertain  this,  we  have 

vel.  of  A-  vel.  of  D  =  a).(OA-OD).sin  ^ 
=  60 .  AD .  sin  0, 
and  vel.  of  d—  vel.  of  A  =  w  .Arf.sin  6. 

And  so  the  motion  of  every  point  of  the  table  will  be  propor- 
tional to  its  distance  from  A ;  and  the  table  will  rotate  about  A 
with  angular  velocity 

=  6) .  sin  6, 

=  0) .  sin  X, 

as  is  evident  from  the  figui'e. 

Of  this  motion  the  plane  of  vibration  does  not  participate,  for 
easons  before  assigned.     And  with  regard  to  any  motion  which 
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the  table  may  have  about  T)Xd  in  passing  ft-om  one  position  to 

an  adjacent  one,   of  this  motion  K  and  the  plane  of  vibration 

equally  participate.     Hence  the  effect  to  a  spectator  will  be  the 

same  as  before,  and  the  plane  of  vibration  will  appear  to  revolve 

24 
round  the  table  in  the  time  —. — :-  hours. 

sm  A. 

III.  The  third  mode  of  exhibiting  the  reason  of  this  phseno- 
menon  is  a  more  popular  one. 

At  the  north  and  south  poles  the  case  is  clear  enough.  The 
centre  of  the  table  being  fixed  chrectly  over  the  pole  of  the  earth, 
will  be  stationaiy,  while  the  table  itself,  being  carried  roimd  by 
the  earth^s  rotation,  will  rotate  about  that  centre  once  in  twenty- 
four  hours.  The  pendulmii  swinging  freely  over  this  centre  will 
continue  to  vibrate  in  its  original  dii'ection,  and  thus  the  plane 
of  \abration  will  appear  to  revolve  once  in  twenty-four  hoiu's. 
At  the  equator,  on  the  other  hand,  the  table  is  carried  round  its 
daily  circle,  always  retaining  the  same  relative  position  to  the 
plane  of  vibration  :  a  given  diameter  in  it  always  remains  parallel 
to  itself,  and  hence  the  line  of  vibration  will  appear  to  be  sta- 
tionary. 

For  intennediate  latitudes,  I  suppose  the  reader  to  have  a 
common  globe  before  him.  Let  him  fix  his  eye  upon  the  parallel 
of  latitude  in  which  we  are  situated.  If  a  piece  of  coin,  a  shil- 
ling for  instance  (head  uppermost),  be  now  firmly  attached  to 
this  globe  at  any  point  of  this  parallel  of  latitude,  with  the  face 
looking  towards  the  north,  that  is  along  the  meridian  line,  and 
the  globe  be  now  turned  upon  its  axis,  this  will  form  a  correct 
representation  of  the  horizontal  table,  in  the  experiment,  can'ied 
round  by  the  earth's  rotation.  In  this  motion  the  face  of  the 
shilling  would  be  always  turned  towards  a  fixed  point  in  the  pro- 
longation of  the  axis  of  the  globe.  The  effect  of  this  is  e\-idently 
the  same  as  if  the  centre  of  the  shilling  were  fixed,  and  it  was. 
made  to  turn  I'ound  that  centre  as  upon  a  pivot,  for  the  motion 
of  the  face  of  the  shilling  would  be  the  same  m  both  cases.  So 
also  a  person  looking  along  the  north  line  of  the  horizontal  table 
would  have  the  eye  constantly  directed  to  a  fixed  point  in  the 
earth's  axis ;  and  the  effect  of  this  would  be  the  same  as  if  the 
centre  of  that  table  were  stationaiy,  and  the  table  turned  round 
its  centre  as  upon  an  axis.  Now  be  it  remarked,  that  the 
plane  of  the  pendulum  does  not  participate  in  this  motion,  any 
more  than  a  smooth  marble  moving  upon  a  smooth  table  would 
participate  of  any  rotatoiy  motion  which  that  table  might  have 
about  its  own  centre  in  its  own  plane.  It  is  true  the  plane  of 
\-ibration  has  a  motion,  arising  from  the  motion  of  the  point  of 
suspension ;  but  the  table  participates  equally  of  this ;  and  the 
effect  of  this  motion  is  only  to  keep  the  plane  of  vibration  always 
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perpendicular  to  the  table.  The  result  will  be,  therefore,  that 
the  line  of  Wbration  will  appear  to  revolve  round  in  the  plane  of 
the  table. 

But  with  what  angular  velocity?  To  explain  this,  we  refer 
again  to  our  original  illustration.  The  question  is,  How  much 
has  that  shilling  revolved  about  its  own  centre  in  the  time  that 
the  earth  has  taken  to  make  half  a  revolution  ?  The  centre  of 
the  shilling  has  traversed  the  half  of  a  parallel  of  latitude ;  but 
the  face  of  that  shilling,  which  has  always  been  looking  north- 
ward, has  not  evidently  turned  half  round;  that  is,  if  the  centre 
of  the  shilling  had  been  fixed,  the  face  would  not  have  made  so 
much  as  half  a  revolution  about  its  centre.  In  fact,  the  shilling 
would  haNC  turned  round  just  as  much  as  if  that  semi-parallel  of 
latitude  had  been  taken  off  the  globe  and  disposed  as  a  thread 
upon  a  plane  table  in  the  form  of  a  circle,  with  that  fixed  point 
in  the  globe's  axis  to  which  we  have  alluded  as  centre,  and  the 
shilling  had  then  been  made  to  move  along  the  thread,  with  its 
face  always  turned  to  that  centre.  This  thread  would  not  form 
a  complete  semicircle. 

Indeed  the  angle  moved  through  by  the  plane  of  vibration  in 
twelve  hours  is  proportional  to  the  angle  subtended  at  the  fixed 
point  in  the  earth's  axis  to  which  we  have  alluded,  by  the  semi- 
parallel  of  latitude  laid  out  into  a  plane  circle ;  it  is  therefore 
proportional  to  the  length  of  that  semi-arc  by  radius,  or  to  the 
sine  of  the  angle  between  the  north  horizontal  line  and  the  axis 
of  the  earth,  that  is,  proportional  to  the  sine  of  the  latitude. 
Hence  the  time  of  a  complete  revolution  is  obtained,  as  before, 
by  dividing  twenty-four  houi's  by  the  sine  of  the  latitude. 

LXXXII.   On  Professor  Potter's  Theory  of  Sound. 
By  ike  Rev.  Samuel  Haughton. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

IN  Professor  Potter's  answer  to  my  remarks  on  his  Theory  of 
Sound,  he  has  expressed  his  surprise  at  my  ignorance  of  the 
atomic  constitution  of  matter,  but  appears  to  have  overlooked 
the  fact  that  my  argument  was  ad  hominem,  and  that  I  was  not 
stating  my  own  views  on  the  subject. 

On  reading  carefully  Prof.  Potter's  theorj",  as  he  has  stated  it 
in  the  February  Number  of  the  ^Magazine,  I  (in  common  with 
many  others)  put  a  construction  upon  his  meaning  which  ap- 
peared to  be  a  fair  representation  of  his  views,  and  from  that 
construction  I  deduced  the  conclusion  that  the  introduction 
of  atoms  in  that  sense  did  not  alter  the  equations  of  motion. 
This   conclusion,   it   appears   from  the  May   Number   of  the 
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Philosophical  Magazine,  coincides  with  the  opinion  originally 
entertained  by  Prof.  Potter  himself;  but  as  he  now  disclaims 
that  opinion,  and  attaches  some  mysterious  meaning  to  the 
terms  "  attributed  cube,"  "  area  for  pressure,"  &c.,  it  rests  with 
him  to  explain  by  some  argument  better  than  the  repetition  of 
a  mere  assertion,  why  he  has  changed  his  mind ;  and  to  give  a 
clearer  definition  than  he  has  yet  done,  of  the  precise  meaning 
of  his  terras. 

I  am.  Gentlemen, 

Yours,  &c., 

Trinity  College,  Dublin,  Samuel  Haughton. 

May  26,  1851. 
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May  9,  C\^  tl>e  recent  experiment  showing  the  Rotation  of  the 
1851.  \J  Earth  by  means  of  the  Pendulum.  By  the  Rev.  Baden 
Powell,  M.A.,  F.R.S.,  F.R.A.S.,  F.G.S. 

The  experiment  alluded  to  has  been  the  subject  of  so  much  popu- 
lar notice  at  the  present  time,  that  it  would  l^e  needless  to  go  into  a 
particular  description  of  its  nature  or  object.  If  fully  verified,  the 
result  would  however  hardly  amount  to  any  more  palpable  proof  to 
the  senses  than  other  astronomical  pbaenomena  afford;  in  this  case, 
as  well  as  in  those,  the  conclusion  is  equally  derived  from  reasoning 
on  the  actual  appearances. 

An  idea  of  such  an  effect  seems  to  have  occurred  long  ago,  and 
is  mentioned  in  a  paper  in  the  Phil.  Trans.,  1742,  No.  468,  by  the 
Marquis  de  Poli,  in  the  course  of  some  observations  on  the  pendulum 
of  a  different  kind.  He  remarks,  "  I  then  considered  (adopting  the 
hypothesis  of  the  earth's  motion)  that  in  one  oscillation  of  the  pen- 
dulum, there  would  not  be  described  from  its  centre  perfectly  one 
and  the  same  arc  in  the  same  plane ;"  but  he  does  not  pursue  the 
subject,  as  being  foreign  to  his  immediate  object. 

It  appears  also  (see  Camples  Rendus,  1851,  No.  6)  that  in  1837 
Poisson  had  hinted  at  such  an  effect,  but  supposed  it  of  insensible 
amount. 

To  some  minds  difticulties  present  themselves  in  the  first  instance, 
which  are  easily  removed  by  a  few  simple  illustrations.  In  the  first 
place,  the  deviation  from  parallelism  to  itself,  of  the  meridian  of  any 
place,  during  the  rotation  of  the  earth,  is  a  simple  geometrical  question 
easily  determined,  and  the  inclination  expressed  by  a  trigonometrical 
formula.  In  the  next  place,  the  independence  of  the  motion  of  the 
pendulum,  notwithstanding  that  the  point  of  support  is  carried  along 
with  the  earth  in  its  rotation,  and  that  the  whole  seems  to  form  a 
part  of  the  earth,  is  a  point  easily  elucidated  by  very  simple  experi- 
ments, in  which  the  vibration  of  a  small  pendulum  is  seen  to  continue 
parallel  to  itself  notwithstanding  a  motion  given  to  the  point  of 
support ;  the  effect  being  in  fact  only  a  simple  consequence  of  the 
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coexistence  of  two  motions  communicated  to  a  body  at  the  same 
time.  A  beautiful  apparatus,  lent  by  Mr.  Bishop  for  showing  this, 
was  exhibited  on  the  present  occasion. 

The  experiment  originally  made  by  M.  Foucault  was  repeated  add 
confirmed  under  the  inspection  of  M.  Arago,  and  other  eminent 
scientific  men,  with  all  due  precautions  in  Paris,  as  also  at  Ghent, 
Brussels,  and  elsewhere-  In  England,  besides  the  public  repetitions 
at  the  Russell,  London,  and  Polytechnic  Institutions,  by  Dr.  lloget, 
Mr.  Bishop  and  Mr.  Bass,  the  experiment  has  been  tried  at  York 
by  Professor  Phillips,  and  at  Bristol  by  Mr.  Bunt,  with  careful  atten- 
tion to  all  the  circumstances  likely  to  ensure  the  avoidance  of  sources 
of  error,  and  to  secure  precise  results.  At  the  Royal  Institution 
on  the  present  occasion  the  experiment  was  exhibited  under  two 
modifications  by  Dr.  Bence  Jones  and  by  Mr.  Bass.  Other  observers 
have  also  repeated  it  in  various  places,  especially  at  Dublin,  where 
Messrs.  Haughton  and  Galbraith,  Fellows  of  Trinity  College,  have 
pursued  the  research  with  all  imaginable  precautions,  and  have 
obtained  results  somewhat  different  from  those  oi'  other  observers. 
According  to  nearly  all  the  other  experiments,  the  rate  of  deviation 
continued  uniform ;  according  to  Messrs.  Haughton  and  Galbraith, 
it  varied  ;  and  they  seem  to  have  been  the  onlv  observers  who  have 
watched  through  a  complete  revolution,  the  time  of  which  was  ob- 
served to  be  28'^  26"'. 

The  sources  of  probable  error  are  numerous  and  not  easy  to  be 
effectually  guarded  against.  The  most  formidable  perhaps  is  the 
extreme  difficulty  of  causing  the  pendulum  to  vibrate  truly  in  one 
plane,  and  to  prevent  its  motion  in  a  narrow  ellipse.  When  this 
takes  place,  and  the  arc  is  considerable,  the  direction  of  the  major 
axis  is  continually  changing,  owing  to  a  well-known  mechanical 
cause  (see  Herschel's  Outlines  of  Astronomy,  p.  ^W) ;  but  this  de- 
viation is  always  in  the  same  direction  as  that  of  the  original  motion 
of  the  pendulum,  and  consequently  changes  when  that  direction  is 
changed.  The  true  deviation  may  be  distinguished  from  this,  in 
that  it  is  always  from  east  to  west,  independently  of  the  direction  of 
the  original  impulse ;  and  the  ball  always  passes  accurately  through 
the  centre  in  every  oscillation,  whereas  in  the  former  case  it  never 
does. 

For  great  accuracy,  a  variety  of  other  precautions  are  requisite,  as 
to  the  perfect  freedom  of  suspension,  guarding  against  currents,  &c. ; 
it  is,  however,  possible  that  the  elliptic  deviation  may  oppose  that 
due  to  the  earth's  rotation,  while  the  latter  may  manifest  itself  in 
spite  of  the  former. 

It  is  extremely  probable  that  many  of  the  public  repetitions  may 
have  been  affected  by  these  causes  of  error-,  yet  some  of  those  re- 
ferred to  have  been  made  by  men  of  so  much  eminence  and  expe- 
rience as  observers,  as  to  render  it  highly  improbable  that  they  should 
not  have  been  sufficiently  guarded  against  every  source  of  fallacy. 
The  accordance  of  many  of  the  results  at  diff'erent  places  within  fair 
limits  of  error,  is  also  a  strong  argument  in  favour  of  their  accuracy 
and  trustworthiness. 

The  rates  of  deviation  for  one  hour  as  determined  at  diff'erent 
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places  do  not  seem  to  be  more  discrepant  than  would  accord  gene- 
rally with  the  differences  of  latitude.  The  experiment  at  Paris  gave 
about  11°  30',  at  Bristol  11°  4-2',  at  Dublin  rather  more  than  12°,  at 
York  about  13°. 

To  apprehend  the  theoretical  principle,  it  is  necessary  to  take 
into  account, — 1st,  the  simple  inclination  of  two  successive  positions 
of  the  meridian  of  a  place  to  each  other  after  any  interval  of  time  ; 
2ndly,  the  independence  of  the  motion  of  the  ball  of  the  pendulum, 
of  the  rotation  of  the  point  of  support ;  and  3rdly,  that  the  ball, 
though  free  in  this  sense,  is  not  however  wholly  free,  being  continually 
drawn  down  by  gravity  in  a  direction  continually  changing  (rela- 
tively to  the  original  dire<;tion  of  vibration)  as  the  earth  revolves. 
Hence,  though  from  the  second  cause  the  ball  would  have  a  ten- 
dency always  to  preserve  a  motion  parallel  to  its  original  motion, 
and  thus  to  deviate  regularly  from  the  meridian,  it  will  (from  the 
third  cause)  not  preserve  this  exact  parallelism,  but  will  take  an  in- 
termediate direction.  The  exact  detei'mination  of  this  direction 
cannot  be  made  on  any  general  considerations,  but  must  be  the 
result  of  detailed  mathematical  investigation. 

Thus  in  general  in  any  illustrative  or  analogous  case,  so  long  as 
the  axis  of  vibration  continues  parallel  to  itself,  the  arc  of  vibration 
will  continue  parallel  to  itself;  but  if  the  axis  do  not  continue 
parallel,  the  direction  of  the  arc  of  vibration  will  deviate.  This 
distinction  has  been  laid  down  and  illustrated  experimentally  by 
Mr.  Wheatstone. 

The  investigation,  as  pursued  by  M.  Binet  (^Comptes Rendus,  1851, 
Nos.  6,  7),  as  well  as  by  other  mathematicians,  is  primarily  founded 
on  the  method  long  since  proposed  by  Euler,  of  resolving  the  rota- 
tory motion  of  one  point  on  the  earth's  surface  into  two  ;  one  about 
the  vertical  of  that  point,  the  other  about  an  axis  at  right  angles  to 
it;  of  which  the  latter  is  the  part  effective  in  determining  the  direc- 
tion of  gravity  on  the  pendulum,  and  is  proportional  to  the  sine  of 
the  latitude  of  the  point. 

M.  Binet  makes  this  general  theorem  the  foundation  of  an  analy- 
tical investigation,  in  which  the  conditions  of  the  motion  of  the  pen- 
dulum generally  are  expressed  by  certain  differential  equations,  the 
integration  of  which  conducts  him  to  certain  expressions,  which,  when 
simplified  by  the  consideration  of  limiting  the  vibration  to  small  arcs, 
gives  the  azimuthal  velocity  uniform  in  the  direction  from  E.  to  W., 
and  in  a  simple  proportion  to  the  sine  of  the  latitude ;  giving  there- 
fore the  deviation  for  one  hour  in  the  latitude  of  Paris  about  11^°, 
and  the  time  of  a  complete  revolution  32^  S"".  An  investigation 
has  also  been  made  independently  by  the  Astronomer  Royal,  leading 
to  very  nearly  the  same  result. 

Other  mathematical  solutions  have  also  been  proposed  by  Dr.  Day 
of  Bristol,  and  by  Mr.  J.  R.  Young  (late  Professor  of  Mathematics 
at  Belfast).  The  latter  gentleman  has  obtained  as  a  consequence  of 
his  investigations  one  remarkable  result,  which  he  states  thus: — 

"  The  arc  of  the  circular  rim  of  the  table  subtended  by  the  angle 
of  deviation  at  its  centre,  is  always  (in  one  revolution  of  the  earth) 
exactly  equal  to  the  difference  in  length  of  the  two  parallels  of  lati- 
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tude  described  by  the  centre  and  extremity  of  the  meridional  dia- 
meter of  the  table."  (See  Meclianics'  Mag.,  May  3  and  10,  1851.) 

The  lucid  and  able  illustrations  of  the  subject  given  by  Professor 
Sylvester  have  thrown  much  light  on  the  explanation. 

Modifications  of  tlio  principle  have  been  suggested  by  M.  Chasles, 
on  the  idea  of  the  difference  of  rotatory  velocity  between  any  two 
points  on  the  same  meridian  ;  which  difference,  insensible  as  it  might 
seem  to  be  for  the  minute  length  of  a  vibration,  he  shows  will  in 
successive  vibrations  become  sensible.  This  idea  is  nearly  the  same 
as  that  announced  by  Laplace  (y>/em«?y?<e  Celeste,  vol.  iv.  c.  5),  who 
infers  a  deviation  in  the  plane  of  a  projectile  fired  in  the  direction  of 
the  meridian.  The  same  idea  has  been  discussed  also  by  other 
mathematicians,  and  has  been  further  carried  out  by  M.  Poinsot, 
who  has  suggested,  that  if  two  balls  suspended  by  separate  strings, 
hanging  together  in  contact,  and  consequently  both  partaking  in  the 
velocity  of  rotation  of  that  point  of  the  earth,  were  to  be  suddenly 
separated  by  releasing  a  spring  placed  between  them,  and  at  first 
confined  by  a  string,  they  would  then  show  the  difference  of  velocity 
belonging  to  points  on  the  earth  at  that  distance  apart,  and  would 
consequently  revolve  round  the  vertical.  (See  Comptes  Rendus, 
1851,  No.  14.) 

A  beautiful  variation  of  the  experiment  has  been  suggested  by 
M.^vdiV2cis{Compt€s Rendus,  1851,No.6),in  which  ixperfectly  circular 
motion  is  communicated  to  a  pendulum  (by  a  peculiarly  ingenious 
contrivance),  the  time  of  whose  revolution  will  be  different  according 
as  its  direction  conspires  with  or  opposes  that  of  the  earth. 

\i  all  torsion  in  the  thread  could  be  got  rid  of,  a  ball  simply  sus- 
pended and  furnished  with  an  index  in  its  equator  would  be  seen  to 
rotate.  But  the  torsion  destroys  the  effect.  This  is  the  suggestion 
of  M.  Baudrimont  {Comptes  Rendus,  1851,  No.  8). 

But  by  far  the  most  complete  idea,  not  only  of  the  general  prin- 
ciple, but  of  the  precise  law  of  the  sine  of  the  latitude,  is  obtained 
from  the  beautiful  apparatus  constructed  by  Mr.  Wheatstone,  in 
which  the  pendulum  is  replaced  by  the  vibrations  of  a  coiled  spring, 
the  axis  of  which  can  be  placed  in  any  required  inclination  or  lati- 
tude with  respect  to  a  vertical  semicircular  frame,  which  is  made  to 
revolve  about  its  vertical  radius,  and  the  direction  of  the  vibrations 
is  seen  to  change  in  a  degree  proportioned  to  the  sine  of  the  latitude 
or  inclination,  as  for  example,  for  lat.  30  the  sine  =^;  and  conse- 
quently if  the  vibration  be  originally  in  the  meridian,  when  the 
meridian  has  revolved  180",  the  deviation  =180°xi  =  90°,  or  is  at 
right  angles  to  the  meridian. 

Thisapparatuswasexliibitedatthelecture,and is  described  at  p.572. 

Upon  the  whole,  the  experiment  is  one  of  high  interest  and  import- 
ance; some  discrepancies  or  difficulties  in  the  different  views  taken 
of  the  theory  as  well  as  in  the  observed  results,  seem  to  indicate 
that  the  subject,  however  apparently  simple,  has  not  yet  been  tho- 
roughly worked  out,  and  to  point  to  the  desirableness  of  further 
repetitions  of  the  experiments,  if  possible  in  vacuo,  and  with  increased 
precautions,  as  well  as  to  a  revision  of  the  dynamical  and  analytical 
processes,  by  which  possibly  anyseeming  difficulties  may  be  cleared  up. 
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Feb.  24,  1851. — On  several  points  of  the  Integral  Calculus.  By 
Professor  De  Morgan. 

Some  time  ago,  Mr.  De  Morgan  communicated  to  the  Societ}'  an 
abstract  of  some  unfinished  views  on  the  connexion  between  the  or- 
dinari'^and  singular  solution  of  a  differential  equation.  The  present 
paper  completes  those  views,  and  also  contains  sections  on  the  solu- 
tion of  differential  equations  by  elimination,  on  the  proof  of  the 
number  of  constants  which  a  solution  may  contain,  and  on  the  cri- 
terion of  integrability  of  a  function  of  x,  y,  and  differential  coefficients 
of  y. 

1.  On  singular  solutions. — As  to  equations  of  the  first  order,  the 
tests  obtained  in  this  paper  may  be  described  as  follows  : — 

Mr.  De  Morgan  means  by  a  singular  solution  any  one  which  is 
obtained  by  other  process  than  integration,  whether  it  be  contained 
in  the  integrated  primitive,  or  not.  When  the  singular  solution  is 
not  contained  in  the  primitive,  he  calls  it  an  extraneous  solution. 

Let  (^(.r,  y,  c)  =  0  be  the  primitive  equation,  giving  c=<I>Gr,  y). 
The  differential  equation  then  is 

Every  relation  between  x  and  y  which  satisfies  either  of  the  fol- 
lowing collective  conditions,  />  a  solution  of  the  equation ;  and,  by 
definition,  a  singular  solution. 

1.  ^.)  and  <!>„  both  infinite. 

2.  <5j  only  infinite,  and  j"=const. 

3.  ^,j  only  infinite,  and  y  =  const. 

And  all   possible  finite   solutions  of   the  differential  equation  are 
given  either  by  the  original  primitive,  or  by  these  relations. 

V      '    V    Y 

Let  X=-^^ ~-     Then  all  relations  between  x  and  y  which 

satisfy  either  of  the  following  collective  conditions  are  solutions  of  the 
differential  equation,  and  are  singular  solutions. 

1.  X    arid  x    both  infinite,  and  X  =  0. 

2.  Xr  only  infinite,  cr  =  const.,  and  X=:0. 

3.  Xu  only  infinite,  y  =  const.,  and  X=0. 

But  when  one  of  these  sets  fails  only  in  that  X  does  not  vanish, 
the  cun'e  so  obtained,  instead  of  ha^•ing  contact  with  a  primitive 
curve  at  ever)'  one  of  its  points,  passes  through  the  points  of  infinite 
curvature  of  the  primitives ;  and  the  differential  equation  which  is 
satisfied  is  y'  =  x~X.  Every  evolute  is  related  in  this  manner  to 
its  involutes,  passing  through  all  their  cusps. 

The  above  tests  do  not  give  the  possible  case  in  which  j'=  oo  ,  or 
y=  oc,  is  a  singular  solution. 
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Mr.  De  Morgan  proposes  the  following  geometrical  illustration  of 
the  connexion  between  the  primaries  and  the  singular.  Let  c  be  the 
third  ordinate  of  a  surface  (usually  denoted  by  :)  having  the  equation 
^(x,  y,  c)=0.  The  projections  upon  the  plane  of  xy  of  sections 
parallel  to  that  plane  are  the  primaries  :  the  singular  solution  is  the 
base,  upon  the  plane  of  xy,  of  a  cylinder  perpendicular  to  that 
plane,  and  which  always  touches  the  surface.  By  means  of  this 
illustration,  it  may  be  made  manifest  that  certain  cases  of  singular 
solution  which  have  always  been  discarded  as  unmeaning,  are 
limiting  cases  of  the  kind  which  are  admitted  in  analysis  so  soon  as 
the  way  up  to  the  limit  is  clearly  seen. 

Taking  a  general  equation  with  two  arbitrary  constants,  so  that 
a  relation  between  those  constants  selects  and  designates  a  family 
of  curves,  it  is  shown  generally  (without  examination  of  exceptional 
cases)  how  to  find  the  families  which  have  with  their  singular  curves 
contact  of  the  second  order.  The  equation  of  these  singular  curves 
is  a  diflferential  equation  of  the  first  order :  but  its  singular  solution 
is  the  singular  curve  of  a  family  of  curves  which  have  with  it  a  con- 
tact of  the  third  order. 

2.  Solution  of  differential  equations  by  eliinination. — This  is  an  idea 
derived  from  the  method  which  Mr.  De  Morgan  communicated 
(vol.  viii.  part  5)  relative  to  partial  differential  equations,  and  which 
he  found,  after  his  paper  was  finished,  had  been  given  by  M.  Chasles, 
as  he  supposed,  from  knowledge  of  the  results  of  Monge.  But  it 
afterwards  appeared  that  the  authority  for  Monge  having  obtained 
such  results  is  only  a  candid  supposition  of  M.  Chasles  himself,  and 
that  no  memoir  on  the  subject,  written  by  Monge,  has  been  traced. 
All  that  M.  Chasles  had  to  proceed  on  was  the  title  of  a  memoir 
mentioning  a  certain  mode  of  generating  conjugate  surfaces,  from 
which  he  thought  it  very  likely  that  the  solution  of  partial  differential 
equations  which  he  himself  thence  found,  had  really  been  found  by 
Monge.  Under  these  circumstances,  Mr.  De  Morgan  is  of  opinion 
that  the  method  must  be  attributed  to  M.  Chasles  as  its  first  dis- 
coverer, at  least  until  something  further  appears. 

Mr.  De  Morgan  proceeds  to  make  use  of  the  equation 


P.rfy'"=P,'"-P'y'"""  +  . 


/I 

to  form  various  cases  of  equations  which  can  be  reduced  to  lower 
orders,  and  which  can  finally  be  solved  by  elimination.  Of  these,  the 
most  simple  specimen,  being  the  one  suggested  by  thinking  on  the 
method  above  alluded  to,  is  as  follows  : — 

If  jr=Y'  and  y  =  XY'  — Y,  Y  being  a  function  of  X,  whence  y  is 
a  function  oi  x,  we  have  the  following  sets  of  correlative  equations  :  — 

^=Y'  X=y' 

y=XY'-Y  Y=xy'-y 

y'=X  Y'=x 

y       Y"  v" 


Y'"  t/'" 

'/'_  _J Y"'—  —  y 

Y"3  ylli 
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and  so  on.  If,  then,  <p(x,  y,  y' ,  y",  y"',...)  =  0  be  a  given  differential 
equation,  and  if  it  be  found  that 

^(y,  XY'-Y.  X,  ±,,  -|^,-)=o 

can  be  solved  ;  it  is  seen  that  the  original  equation  can  be  solved  bj' 
eliminating  X  between  .r=Y'  and  y^XY' — Y. 

The  general  method  of  which  this  is  a  particular  case,  is  as  follows. 
Let/(j.\  y,  X,  Y)  =  0  have  its  differential  equations  of  the  first  order 
formed  on  two  suppositions  :  first,  that  X  and  Y  are  constant ;  se- 
condly, that  .r  and  y  are  constant.  Let  these  differential  equations 
be 

X=^(x,  y,  y')  x=(p(X,  Y,  Y') 

Y  =  n^,  y.  y')  y=;P(X,  Y,  Y'). 

These  equations  may  be  used  instead  of  the  first  two  pairs  of  cor- 
relatives in  the  preceding  example  :  and  each  differential  coefl&cient 
of  Y  is  expressible  by  means  of  the  same  and  lower  differential 
coefiicients  of  y ;  and  vice  versa.  To  get  convertible  forms,  as  in 
the  instance  above, /(jt,  y,  X,  Y)  must  be  chosen  so  that  x  and  y  are 
simultaneously  interchangeable  with  X  and  Y. 

Air.  De  Morgan  gives  a  similar  extension  of  the  method  as  applied 
to  partial  differential  equations. 

3.  On  the  constants  of  a  primitive  equation. — It  is  usually  left  to 
be  collected  from  induction  that  the  equation  of  the  nth  order  has  n 
constants,  and  no  more,  in  its  complete  primitive.  Mr.  De  Morgan 
proposes  an  a  priori  proof  of  this  point,  on  which,  as  in  all  such 
cases,  it  would  be  presumptuous  to  decide  until  it  has  been  tho- 
roughly examined. 

He  further  proposes  an  extension  of  the  meaning  of  the  term  so- 
lution, in  the  case  of  all  the  primitives  intermediate  between  the 
differential  equation  and  the  original  primitive.  Thus,  supposing 
an  equation  of  the  third  order,  of  which  the  admitted  primitives  of 
the  second  order  are 

Ui=const.,     U2=:const.,     U3  =  const  , 
he  maintains  that  the  general  primitive  of  the  second  order  is 

/(U„  V,,  v,)  =  o, 

where  /  is  any  function  whatsoever :  and,  starting  from  this  last 
equation,  he  determines  a  general  primitive  of  the  first  order  in  a 
similar  way. 

This  view  is  supported  by  the  reduction  of  a  common  differential 
equation  of  the  Hth  order  to  a  partial  differential  equation  of  the 
first  order  w'ith  n  independent  variables. 

4.  On  the  criterion  of  integrability  of  (^(o?,  y,  y' ,  y",...). — If 
we  denote  the  differential  coefficients  of  y  hx p,  q,  r,  s,  &c.,  it  is  well 
known  that  the  condition  which  is  both  necessary  and  sufficient,  in 
order  that  \  =  <l){x,  y,  p,  q,...)  may  be  integrable  without  reference 
to  relation  between  y  and  .r,  is 

v,-v;+v,"-v;"+...=o. 

the  accent  denoting  complete  differentiation  with  respect  to  x.     This 
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has  usually  been  established,  either  by  the  calculus  of  variations,  or 
by  a  process  of  elaborate  expression  of  the  actual  result  in  terms  of 
definite  integration  with  respect  to  a  subsidiary  variable.  Mr.  De 
Morgan,  after  some  remarks  upon  the  manner  in  which  certain 
proofs  of  the  necessity  of  the  criterion  fail,  gives  a  very  simple  ele- 
mentary proof  founded  upon  the  following  theorem.  If  U  be  any 
function  of  .r,  ?/,  j),  &c., — as  far  say  as  s,  for  an  instance, — then 

(U'),=u;,  (U'),=u;.  (U'),=u;+u,. 

(U'),=u,'+u„  (U'),.=u,'+u„  (U').=u;+u,,  (U'),=u.. 

Mr.  De  Morgan  takes  it  to  have  been  hitherto  unnoticed  that  the 
formulae  V^  — V,'  + V,"—  .,.,  V,— V,.'+  ....  so  much  used  in  this  sub- 
ject, are,  when  V  is  integrable,  nothing  but  the  differential  coefficients 
of/V(l.v,  with  respect  to  y,  p,  &c. 

[But  since  the  paper  was  communicated,  Mr.  De  Morgan  has  found 
the  above  theorem,  and  its  consequences,  in  a  memoir  by  M.  Sarrus, 
apparently  belonging  to  the  Journal  de  VEcole  Poly  technique,  and 
printed  in  1824.  No  notice  is  taken  of  this  method  by  MM.  Ber- 
trand,  Binet,  or  Moigno,  who  have  written  on  the  subject  since 
M.  Sarrus.]  

ROYAL  SOCIETY. 
[Continued  from  p.  508.] 
April  3, 1851. —  Lieut.-Colonel  Sabine,  V.P.  &  Treas.  in  the  Chair. 

A  paper  was  read,  entitled  "  Observations  upon  Appendieularia 
and  Doliolum"  By  Thomas  H.  Huxley,  Esq.  Communicated  by 
E.  Forbes,  Esq.,  F.R.S. 

This  is  a  description  of  two  Ascidian  genera  which  possess  very 
considerable  interest :  Doliolum,  as  forming  a  link  between  the 
Pyrosomata  and  Salpce ;  and  Ajipendicularia,  as  representing  in  a 
permanent  form  the  larval  state  of  the  Ascidians,  long  ago  described 
by  M.  Milne-Edwards. 

Appetidicularia,  which  has  been  also  imperfectly  described  under 
the  names  of  Oikopleura  and  Venillaria,  is  in  fact  an  ascidian  pro- 
vided witli  a  long  vibratile  lin  or  tail,  by  the  aid  of  which  it  swims 
freely  about. 

That  it  is  an  adult  form  is  shown  by  the  existence  of  a  well- 
developed  testis,  but  the  author  leaves  undecided  the  nature  of  the 
female  organs. 

On  the  other  hand  it  seems  doubtful  whether  Doliolum  is  truly  an 
independent  form,  or  whether  it  is  not  rather  a  detached  "  zooid  " 
of  the  genus  Auchenia. 

April  10. — Sir  Philip  de  Malpas  Grey  Egerton,  Bart,  in  the  Chair. 

The  reading  of  Dr.  Hofmann's  paper  "  On  the  Molecular  Consti- 
tution of  the  Organic  Bases,"  commenced  at  the  previous  meeting 
(April  3),  was  concluded. 

In  a  former  paper*  the  author  advanced  a  general  theory  regard- 

*  Phil.  Trans.,  part  i.  p.  93. 
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ing  the  constitution  of  the  volatile  organic  bases.  He  showed  that 
in  all  these  substances  the  original  structure  of  ammonia  may  be 
traced  without  difficulty,  and  that  they  must  be  viewed  as  ammonia 
in  which  either  one,  two,  or  the  three  equivalents  of  hydrogen  are 
replaced  by  a  corresponding  number  of  compound  molecules ;  he 
accordingly  distinguished  the  volatile  bases  as  araidogen,  iraidogen, 
and  nitrile  bases. 

H  VN 

Hj 
Ammonia. 

In  his  present  memoir  he  goes  a  step  further,  and  communicates 
the  discovery  of  a  new  group  of  alkaloids,  closely  connected  by 
their  origin  and  composition  with  the  former  class,  but  differing 
from  it  altogether  by  their  properties.  These  new  alkaloids  are  no 
longer  volatile  without  decomposition,  and  form  in  this  manner  the 
connecting  link  between  the  artificial  bases,  nearly  all  of  which  are 
volatile,  and  the  natural  alkaloids,  the  majority  of  which  are  of  a 
fixed  nature. 

The  alkaloids  of  the  new  class,  to  which  for  the  sake  of  conveni- 
ence the  author  assigns  the  term  of  ammonium  bases,  arise  from 
the  nitrile  bases  by  the  assimilation  of  the  additional  equivalent  of 
one  of  the  replacing  molecules  in  conjunction  with  oxygen  and  water. 

V1 


^1 

V1 

V1 

H  >N 

x>x 

xyx 

Hj 

HJ 

YJ 

Amidogeu 

Imidogen 

Nitrile  bases. 

bases. 

bases. 

X  Sn+zo,  ho=  y  |>no,  ho. 

YJ  7  I 


In  his  memoir  the  author  establishes  the  conditions  under  which 
this  transformation  takes  place,  viz.  the  action  of  the  alcohol  iodides 
on  nitrile  bases,  and  he  developes  the  generality  of  his  observations 
by  the  description  of  about  a  dozen  of  new  alkaloids  prepared  ac- 
cording to  his  method  ;  he  points  out  moreover  that  the  number 
which  may  be  actually  produced  is  nearly  unlimited. 

The  new  substances  which  are  formed  under  the  above  conditions, 

are  endowed  with  very  remarkable  properties.     The  alkaloid  which 

is  formed  by  the  union  of  four  ethyl  equivalents  with  nitrogen, 

oxygen  and  water,  the  substance  in  which  V=X=Y=:Z  =  C4Hi,  i.  e, 

C^H,^ 

c:  S:  ^^o,  HO, 

c,hJ 

is  thus  described  by  the  author. 

It  is  of  a  powerfully  alkaline  reaction,  which  manifests  itself,  not 
only  in  its  deportment  with  vegetable  colours,  but  also  in  its  com- 
bining their  pungent  taste  with  the  bitterness  of  quinine.  The  so- 
lution, when  concentrated,  not  only  burns  the  tongue,  but  it  acts 
strongly  upon  the  epidermis,  which  it  destroys,  like  caustic  potassa 
or  soda ;  on  rubbing  a  solution  of  the  oxide  between  the  fingers,  we 
feel  the  well-known  sensation  produced  by  the  fixed  alkalies  under 
the  same  circumstances,  and  we  perceive  moreover  the  same  peculiar 
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odour.  Oxide  of  tetrsethylammoDiuni,  as  the  author  calls  this  sub' 
stance,  saponifies  the  fats  as  readily  as  potassa.  The  experiment 
was  made  with  cocoa-nut  oil,  which,  after  half  an  hour's  ebullition 
with  the  new  alkali,  was  converted  into  a  beautiful  soft  soap,  having 
the  appearance  of  an  ordinary  potassa  soap. 

The  author  has  traced  the  analogy  of  the  new  compound  with 
potassa  in  many  other  directions,  and  especially  in  its  deportment 
with  the  metallic  oxides  :  his  alkaloid,  in  fact,  produces  with  the  salts 
of  the  metals  exactly  the  same  reactions  as  potassa. 

The  other  substances  belonging  to  this  group  have  similar  pro- 
perties, modified  only  by  the  character  of  the  replacing  molecules. 
Among  them  are  several  which  are  remarkable  for  the  complex 
nature  of  their  constitution,  which,  nevertheless,  is  perfectly  intelli- 
gible. 

In  conclusion,  the  author  draws  attention  to  the  assistance  whi<;h 
the  solution  of  the  grand  problem  of  preparing  artificially  the  natural 
alkaloids,  especially  those  of  the  cinchona  bark,  may  receive  from  a 
further  extension  of  these  researches.  He  shows  that  even  now  the 
analogy  in  the  general  deportment  of  his  ammonium  bases,  and  the 
alkaloids  of  nature,  is  very  great,  although  they  diflfer  materially  in 
many  properties. 

A  paper  was  read,  entitled  "  Description  and  purpose  of  the  glass 
plate  which  bears  the  inscription  '  Interferenz-spectrum.  Longi- 
tudo  et  celeritas  undularum  lucis  relativa  cum  in  aere  tum  in  vitro.'" 
By  T.  A.  Nobert.  Communicated  by  Michael  Faraday,  Esq., 
F.R.S.  &c.     Received  April  10,  1851. 

A  rectangular  plate  of  polished  glass,  18  lines  (Paris)  in  length, 
9  lines  in  breadth,  and  1*5  Hue  in  depth,  has  one  of  its  longer  narrow 
faces  ground  so  as  to  form  an  angle  of  72°  with  its  upper  surface. 
This  narrow  face  is  polished,  the  other  three  being  ground  at  right 
angles  to  the  upper  and  under  surfaces.  On  the  upper  surface,  at 
about  the  distance  of  2  lines  Irom  the  acute  dihedral  angle,  twelve 
systems  of  extremely  fine  parallel  lines  are  cut,  so  that  in  each 
system  the  lines  are  at  perfectly  equal  distances,  and  the  systems  lie 
separate  from  one  another.  Over  these  lines  lies  a  thin  covering 
plate  of  glass,  but  at  the  place  where  the  ruling  is,  a  stratum  of  air 
is  contained  between  the  plates.  In  these  twelve  systems,  named 
A,  B,  C,  D,  E,  F,  G,  H,  I,  K,  L  and  M,  the  respective  distances  of 
the  lines  measured  with  great  accuracy  in  Paris  lines,  are  as  follow  : — 
for  A  =  0-0003375  line. 

B  =  0-0003063 

C  =  0-0002625 

D  =  0-0002438 

E  =  0-0002250 

F  =  0-0002063 

0  =  0-0001873 

H  =  0-0001 750 
1  =  0-0001625 

K  =  0-0001500 

L  =  0-0001375 

M  =  0-0001281 
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In  order  to  use  the  plate,  it  is  to  be  placed  on  the  table  of  a  com- 
pound microscope  having  a  magnifying  power  of  40  to  50  times,  the 
table  of  the  microscope  being  previously  covered  with  black  cloth 
to  prevent  the  intrusion  of  all  foreign  light.  The  small  covering 
plate  being  placed  upwards,  the  polished  face  forming  an  acute 
angle  with  the  upper  side,  is  to  be  turned  towards  the  window  sup- 
plying light.  The  illumination  must  take  place  in  a  plane  at  right 
angles  to  the  length  of  the  plate,  and  at  an  angle  of  18°  inclination 
to  the  plane  of  the  plate=  The  light  of  strongly  illumined  clouds,  or 
of  a  point  of  the  heavens  near  to  the  sun,  is  to  be  employed  :  direct 
sunlight  is  not  recommended.  A  greater  angle  of  incidence  is  of  no 
consequence  when  making  a  preliminary  observation  ;  but  it  is  neces- 
sary, in  order  to  obtain  strongly  luminous  colours,  to  turn  the  plate 
a  little  in  azimuth  while  examining  the  lines,  thereby  producing  the 
brightest  illumination.  If  these  preliminary  precautions  be  taken, 
there  will  appear  in  the  ruled  space, — 

for  A,  deep  red ; 

B,  orange  ; 

C,  yellow ; 

D,  green ; 

E,  light  blue ; 

F,  indigo  ; 

G,  violet. 

If  the  foregoing  numerical  values  for  the  systems  A,  B,  C,  D,  E, 
F  and  G,  be  multiplied  by  cos  18°,  the  length  of  the  undulations  of 
light  in  air  for  those  colours  which  are  seen  in  the  rulings  will  be 
obtained.  This  method  is  considered  to  admit  of  great  exactness 
with  this  small  angle  of  incidence,  because  its  cosine  varies  but 
little. 

As  in  the  following  five  systems,  H,  I,  K,  L  and  M,  no  colour  is 
perceived,  the  distances  between  the  lines  being  there  smaller  than 
the  lengths  of  the  violet  light-waves  in  air,  the  prediction  of  the  un- 
dulatory  theory  is  confirmed. 

The  plate  is  next  to  be  turned  so  that  the  small  covering  plate, 
and,  therefore,  also  the  side  of  the  glass  upon  which  the  lines  are 
drawn,  is  downwards,  and  the  polished  narrow  face  towards  the  light, 
which,  as  before,  is  incident  at  an  angle  of  18°  on  the  plate.  In  this 
position,  the  light  falling  perpendicularly  on  the  narrow  face,  passes 
through  it  unbroken,  and  being  within  the  glass  reflected  from  the 
rulings,  the  coloured  pictures  of  all  the  twelve  systems  are  now  ex- 
hibited in  the  microscope.  If  the  colours  which  these  systems  now 
show,  and  which  have  been  formed  in  the  glass,  be  compared  with 
the  former  colours  in  the  air,  the  system  F,  which  is  deep  red,  har- 
monizes with  the  system  A  in  the  air  spectrum,  and  the  systems  G, 
H,  I,  K,  L  and  M  in  the  glass  spectrum,  according  to  their  order 
and  colour,  correspond  to  the  systems  B,  C,  D,  E,  F  and  G  in  the 
air  spectrum ;  and  the  author  considers  that  the  comparison  of  the 
foregoing  values  in  the  systems — 

2Q2 
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A  and  F,  E  and  K, 

B  and  G,  F  and  L, 

C  and  H,  G  and  M 

D  and  I, 
f^iows  that  tlie  lengths  of  undulation  for  tlie  same  colour  in  the  air 
and  in  the  glass  are  in  the  ratio  1\53  to  1,  which  is  exactly  the  index 
of  refraction  of  tliis  glass.  He  further  remarks,  that,  as  the  same 
period  of  undulation  belongs  to  tiie  same  colour,  the  velocities  of 
propagation  in  air  and  in  the  glass  must  be  in  the  ratio  of  the  mean 
value  of  the  distances  of  the  lines  in  the  first  seven  systems,  A,  B,  C, 
D,  E,  F,  G,  to  the  mean  value  of  the  distances  of  the  lines  in  the 
last  seven  systems,  F.  G,  H,  I,  K,  L,  M,  or  as  1-53  to  1  ;  and  that 
both  results  agree  periectly  with  the  deductions  from  the  wave- 
theory  of  light.  In  conclusion,  tiie  author  points  out  the  extraordi- 
nary degree  of  accuracy  recjuired  in  drawing  these  lines.  It  is  stated 
that  if  ini'fiualities  amounting  only  to  'OOOOOS  line  occur  in  the  sy- 
stems F,  G.  H.  I,  K,  L,  M,  stripes  of  another  colour  will  appear  in 
them  ;  and  if  the  distance  of  the  lines  in  M  be  diminished  by  that 
quantity,  all  colour  disappears. 

"  Note  relating  to  M.  Foucault's  new  mechanical  proof  of  the 
Rotation  of  the  Earth*."  I'y  C.  Wheatstone,  F.K.S.,  Corresponding 
3Ieniber  of  tiie  Academies  of  Science  of  Paris,  Brussels,  Tuiiii, 
Dublin,  Sec. 

The  experiment  made  by  M.  Foucault  is  said,  both  in  the  direction 
and  magnitude  of  the  motion  of  tlic  plane  of  oscillation  of  the  pen- 
dulum, fully  to  coiitirm  the  indications  of  theorv.  The  difficulty, 
however,  of  the  mathematical  investigation  of  the  subject,  and  the 
delicacy  of  the  experiment,  liable  as  it  is  to  so  many  extraneous 
causes  of  error,  have  induced  many  persons  to  doubt  either  the 
reality  of  the  pliaenonienon  or  the  satisjactoriness  of  the  explanation. 
Another  expcrimerital  proof,  therefore,  not  depending  on  the  rotation 
of  the  earth,  that  the  plane  of  oscillation  of  a  vibrating  line  remains 
at  rest  with  relation  to  the  vertical  component  of  the  real  axis  of 
rotation,  may  not  be  unacceptable.  Witli  this  view  I  have  devised 
the  apparatus  I  am  about  to  describe. 

A  semicircidar  arch  from  one  to  two  feet  radius  is  fixed  vertically 
on  a  horizontal  wheel,  and  may  thus  be  moved  with  any  degree  of 
rapidity  from  any  one  azimuth  to  another.  A  rider  slides  along  the 
inner  edge  of  tlie  arch,  which  is  graduated,  and  may  be  fixed  at  any 
degree  marked  thereon.  A  spiral  spring  wire,  by  means  of  which  a 
slow  vibration  is  obtained  with  comparatively  a  short  length,  is  at- 
tached at  one  end  to  a  pin  fixed  in  tlie  axis  of  the  semicircle,  so  that 
the  point  of  attachment  may  be  in  the  axis  of  rotation,  and  at  the 
other  end  it  is  fixed  to  a  similar  pin  in  a  parallel  position  fixed  to 
the  rider.  The  vertical  semicircle  is  not  placed  in  a  diameter  of  the 
horizontal  wheel,  but  parallel  to  it,  at  such  distance  as  not  to  inter- 

*  This  paper  was  read  to  the  Society  on  the  22nd  of  ilay ;  we  give  it 
immediate  insertion,  dcfeniug  abstracts  of  jn-ecediug  papers,  in  order  to 
render  the  notices  on  M.  Foucault's  interesting  experiment  contained  in 
our  present  Xuinbcr  the  more  eouipletc. — Eds. 
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rupt  the  eye  of  the  observer  from  the  vertical  plane  passing  through 
the  diameter,  and  in  which  plane  the  wire  in  all  its  positions 
reinaitis. 

When  the  upper  end  of  the  wire  is  placed  at  90',  that  is  when  it 
coincides  with  the  axis  of  rotation,  if  the  wire  be  caused  to  vibrate 
in  any  given  plane,  say  from  N.  to  S.,  it  will  continue  to  do  so  what- 
ever rotation  may  be  communicated  ;  so  that  with  respect  to  the 
moving  wheel,  or  the  axis  of  the  wire,  the  plane  of  vibration  will  move 
with  the  same  velocity  and  in  the  opposite  direction.  When  the 
rider  is  fixed  at  30°,  and  the  wire  makes  therefore  an  angle  of  60° 
with  the  axis  of  rotation  so  as  to  describe  in  its  motion  the  surface  of 
a  cone  having  this  inclination  to  the  vertical,  it  will  be  observed 
that  the  plane  of  vibration  makes  one  complete  rotation  during  two 
rotations  of  the  wheel;  this  is  best  observed  by  fixing  the  eye  to  a 
line  in  the  same  plane  with  the  wire,  while  walking  round  with  the 
wheel  during  its  rotation.  When  the  rider  is  fixed  at  19^-°,  the 
plane  of  vibration  makes  one  rotation  during  three  rotations  of  the 
wheel;  when  fixed  at  14-^°,  it  makes  one  rotation  during  four  of  the 
wheel,  &c. ;  and  when  it  is  fixed  at  0^  the  wire  lying  horizontally, 
no  rotation  of  the  plane  of  vibration  occurs.  It  is  needless  to  observe 
that  the  sines  of  90",  30°,  19§°,  14•A^  0°,  corresjiond  to  the  numbers 
1,  ^,  ^,  |,  0,  the  reciprocals  of  the  numbers  expressing  the  respective 
times  of  rotation. 

The  axis  of  a  flexible  pendulum  can  only  assume  a  position  ver- 
tical to  the  point  of  the  earth's  surface  over  which  it  is  placed. 
Were  it  possible  to  maintain  the  vibration  of  a  stretched  wire  occa- 
sioned by  an  original  impulse,  for  a  sufficient  length  of  time,  the 
apparent  rotation  of  its  plane  of  vibration  would  vary  with  the  in- 
clination of  the  wire  to  the  axis  of  the  earth;  placed  in  this  axis  it 
would  make  a  rotation  in  '24  hours,  it  would  become  progressively 
slower  according  to  the  law  above  given,  as  it  approaches  the  plane 
of  the  equator,  and  when  anywhere  in  this  plane  the  vibrations 
would  always  be  performed  in  the  same  direction. 

The  experiment  which  led  M.  Foucault  to  his  ingenious  and  in- 
teresting researches  relating  to  the  rotation  of  the  earth,  is  stated 
by  him  thus : — "  Having  fixed  on  the  arbor  of  a  lathe  and  in  the 
direction  of  the  axis,  a  round  a?id  fiexible  steel  rod,  it  was  put 
in  vibration  by  deflecting  it  from  its  position  of  e()uilibrium  and 
leaving  it  to  itself.  A  plane  of  oseillation  is  thus  deterujined,  which, 
from  the  persistence  of  the  >isual  in)pressions,  is  clearly  delineated 
in  space;  now  it  was  remarked  that  on  turning  the  arbor  which 
serves  as  a  support  to  this  vibrating  rod  by  the  hantl,  the  plane  of 
oscillation  is  not  carried  with  it." 

This  persistence  of  the  plane  of  oscillation  of  a  vibrating  rod, 
notwithstanding  the  rotation  of  the  point  to  which  its  end  is  fixed, 
does  not  appear  to  have  hitherto  been  made  tl'.e  subject  of  philoso- 
phical observation.  Ordinary  notions  even  seem  to  have  been 
opposed  to  this  now  recognised  fact.  Chladni  in  his  treatise  on 
Acoustics,  in  the  chapter  "  C)n  the  co-existence  of  vibrations  with 
other  kinds  of  motion,"  states  as  follows: — 
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"  Vibratory  motions  may  co-exist  with  all  other  kinds  of  motions 
in  an  infinity  of  different  manners,  as  has  been  demonstrated  by 
Dan.  Bernouilli  and  L.  Euler  in  vols.  xv.  and  xix.  of  the  Nov. 
Comment.  Acad.  Petrop.,  and  confirmed  by  experiment.  These  co- 
existences of  different  motions  occur  in  all  sonorous  bodies  without 
exception :  we  may,  for  example,  produce  the  sound  of  a  string 
stretched  on  a  board,  or  that  of  a  plate,  a  tuning-fork,  a  bell,  &c. ; 
and  while  the  vibrations  still  last,  impress  on  this  sonorous  body  a 
motion  of  rotation  round  its  axis,  and  at  the  same  time  a  progres- 
sive motion  :  thus  all  these  motions  may  be  performed  in  the  same 
time,  without  one  being  hindered  by  the  other;  but  the  absolute 
motion  of  each  point  will  be  very  complicated." 

Now  this  is  true  only  when  the  vibrating  body  is  constrained  to 
vibrate  in  one  direction.  When  the  rod  or  string  is  equally  flexible 
in  every  direction,  the  plane  of  vibration  given  to  it  from  any  origi- 
nal impulse  is  constantly  maintained  whatever  may  be  the  velocity 
of  rotation  communicated  to  its  point  of  support,  provided  the  axis 
of  vibration  remains  in  the  same  position  or  moves  only  parallel  to 
itself. 

This  observed  independence  of  the  plane  of  oscillation  on  the  point 
of  attachment  led  M.  Foucault  to  assume,  that  were  a  flexible  pen- 
dulum suspended  from  a  fixed  point  in  the  prolongation  of  the  axis 
of  the  earth,  that  is  above  one  of  the  poles,  and  maintained  con- 
stantly in  vibration,  the  plane  of  oscillation  maintaining  an  inva- 
riable position  in  space  would  appear  to  a  spectator  on  the  earth's 
surface  and  moving  with  it  to  make  an  entire  revolution  in  twenty- 
four  hours,  but  in  the  opposite  direction  to  that  of  the  rotation  of 
the  earth. 

What  takes  place  at  other  points  of  the  earth's  surface  is  more  dif- 
ficult to  determine  ;  but  M.  Foucault,  from  mechanical  and  geome- 
trical considerations,  was  led  to  the  conclusion  that  the  angular  dis- 
placement of  the  plane  of  oscillation  is  equal  but  opposite  to  the 
angular  motion  of  the  earth  multiplied  by  the  sine  of  the  latitude- 
According  to  the  theory  of  rotation,  first  established  by  Frisi  and 
more  fully  developed  by  Euler  and  Poinsot,  the  velocity  of  rotation 
of  the  earth  may  be  considered  as  the  resultant  of  two  angular  velo- 
cities, one  round  the  vertical  of  the  point  where  the  observer  is 
placed,  and  the  other  round  the  meridian  or  horizontal  line  lying  N. 
and  S.  The  component  of  the  angular  velocity  estimated  round 
the  vertical  axis  is  n  sin  y,  and  the  plane  of  oscillation  not  partici- 
pating in  this  motion  remains  at  rest  with  respect  to  it,  and  there- 
fore appears  to  an  observer  moving  with  the  point,  to  rotate  with 
the  same  velocity  in  the  contrary  direction. 

It  is  not  necessary  that  one  end  of  the  wire  be  fixed  in  the  axis 
of  rotation;  if  it  be  parallel  to  a  wire  so  fixed,  the  rotation  of  the  plane 
of  vibration  will  be  exactly  similar ;  in  such  case  the  wire  or  axis  of 
vibration  will  describe  the  surface  of  two  cones  having  their  com- 
mon apex  in  the  axis  of  rotation. 
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PHYSICAL   DEMONSTRATION    OF   THE    EARTH^S    MOTION    OF   ROTA- 
TION, BY  MEANS  OF  THE  PENDULUM,       BY  M.  L.  FOUCAULT. 

^f  "^HE  rotation  of  the  earth  around  its  axis  is  one  of  those  physical 
X  truths  which  appear  too  incontestable  for  any  one  to  venture  to 
call  in  question.  Notwithstanding  this,  we  have  indirect  proofs  only  of 
its  existence  ;  some  of  these  are  derived  from  the  apparent  movement 
of  the  sun  and  of  the  vault  of  the  heavens,  others  from  the  existence  of 
centrifugal  force,  and  others  from  the  flattened  form  of  the  terrestrial 
globe  at  the  poles,  &c.  To  these  proofs,  M.  Leon  Foucault  has  just 
added  a  new  direct  one,  of  such  kind  as  to  convince  the  most  incre- 
dulous, if  any  such  still  exist ;  for  he  has  succeeded  in  rendering  the 
rotation  of  the  earth  as  evident  to  the  sight  as  that  of  a  spinning-top. 
In  anticipation  of  our  publication  of  the  circumstantial  details  of  his 
beautiful  experiment,  which  M.  Foucault  has  promised  to  commu- 
nicate, we  shall  endeavour  to  give  our  readers  a  summary  idea  of  it, 
from  the  extract  which  has  appeared  in  the  Comptes  Reiidus  del'Aca- 
demie  des  Sciences  for  February  the  3rd,  1851.  M.  Foucault  remarks 
first,  that  the  movement  of  translation  of  the  earth  may  be  discarded, 
as  it  exerts  no  influence  upon  the  phaenomenon  in  question  ;  he  then 
supposes  an  observer  to  be  transported  to  the  pole,  and  there  to  set 
up  a  pendulum  of  the  utmost  simplicity,  i.  e.  a  pendulum  composed 
of  a  heavy,  homogeneous  spherical  mass,  suspended  by  a  flexible 
wire  to  an  absolutely  fixed  point ;  he  supposes,  moreover,  that  this 
point  of  suspension  lies  exactly  in  the  prolongation  of  the  axis  of 
rotation  of  the  globe,  and  that  the  solid  pieces  which  support  it  do 
not  participate  in  the  diurnal  motion.  If,  under  these  circumstances, 
the  mass  of  the  pendulum  be  moved  from  its  position  of  equilibrium, 
and  it  be  left  simply  to  the  action  of  gravity,  an  oscillatory  movement 
is  produced  in  the  direction  of  an  arc  of  a  circle,  the  situation  of 
which  is  distinctly  defined,  and  to  which  the  inertia  of  matter  ensures 
an  invariable  position  in  space.  If,  then,  these  oscillations  continue 
during  a  certain  length  of  time,  the  motion  of  the  earth,  which  in- 
cessantly turns  from  the  west  towards  the  east,  will  become  sensible 
by  contrast  with  the  immobility  of  the  plane  of  oscillation,  the  trace 
of  which  upon  the  ground  will  appear  excited  by  a  motion  conform- 
able to  the  apparent  motion  of  the  celestial  sphere  ;  and  if  the  oscil- 
lations were  capable  of  continuing  for  twenty- four  hours,  the  trace 
of  their  plane  would  perform  during  the  same  period  an  entire  revo- 
lution about  the  vertical  projection  of  the  point  of  susjiension. 

These  are  the  ideal  conditions  under  which  the  motion  of  rotation 
of  the  globe  would  become  immediately  evident  to  observation.  But 
in  reality  we  are  obliged  to  take  a  point  of  support  upon  a  mo\nng 
surface  ;  the  rigid  attachments  of  the  upper  extremity  of  the  wire  of 
the  pendulum  cannot  be  withdrawn  from  the  influence  of  the  diurnal 
motion,  and  it  appears  at  first  sight,  that  the  motion  communicated 
to  the  wire  and  to  the  mass  of  the  pendulum  would  alter  the  direc- 
tion of  the  plane  of  oscillation.     But  M.  Foucault  has  succeeded 
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theoretically  in  ascertaining  what  has  since  been  confirmed  by  expe- 
riment, that  provided  the  wire  of  the  pendulum  be  round  and  homo- 
geneous, it  may  be  made  to  turn  round  upon  itself  with  tolerable 
rapidity  in  either  direction,  without  sensibly  influencing  the  position 
of  the  plane  of  oscillation,  so  that  the  experiment  which  we  have  just 
described  would  perfectly  succeed  at  the  pole.  This  remarkable  in- 
dependence of  the  plane  of  oscillation  and  of  the  point  of  suspension 
is  a  mechanical  phaenomenon  dependent  upon  the  inertia  of  matter, 
which  may  be  rendered  evident  in  another  form,  by  means  of  a  very 
simple  experiment  which  led  M.  Foucault  to  the  discovery.  After 
having  fixed  upon  the  arbor  of  a  lathe  and  in  the  direction  of  its  axis, 
a  round  and  flexible  rod  of  steel,  he  set  it  in  vibration  by  moving  it 
from  its  position  of  equilibrium  and  leaving  it  to  itself.  He  thus 
produced  a  plane  of  oscillation,  which  by  the  persistence  of  the  visual 
impressions,  was  clearly  delineated  in  space ;  and  he  remarked  that 
on  turning  round  with  the  hand  the  arbor  which  formed  the  support 
of  this  vibrating  rod,  the  plane  of  oscillation  was  not  disturbed,  but 
always  retained  the  same  direction  in  space. 

Returning  to  the  pendulum,  the  phsenomenon  which  is  in  its 
greatest  simplicity  at  the  pole,  becomes  complicated,  although  con- 
tinuing to  exist,  on  descending  towards  our  latitudes.  In  fact,  in 
proportion  as  we  approach  the  equator,  the  plane  of  the  horizon, 
which  at  the  pole  was  perpendicular  to  the  axis  of  the  earth,  becomes 
more  and  more  oblique  to  it ;  and  the  plumb-line,  instead  of  turning 
upon  itself,  describes  a  more  and  more  open  cone,  the  summit  of 
which  is  at  the  centre  of  the  earth.  The  consequence  is  a  retardation 
of  the  apparent  motion  of  the  plane  of  oscillation,  which  vanishes  at 
the  equator,  previous  to  changing  its  direction  in  the  other  hemi- 
sphere ;  in  fact,  the  angular  displacement  of  the  plane  of  oscillation  is 
equal  to  the  angular  motion  of  the  earth  in  the  same  time  multiplied  by 
the  sine  of  the  latitude.  This  motion  of  the  plane  of  oscillation  of  a 
simple  pendulum,  whereby  it  appears  to  turn  around  the  vertical 
line  in  the  same  direction  as  the  stars,  and  which  would  cause  it  to 
complete  an  entire  revolution  in  twenty-four  hours  at  the  pole,  and 
a  fraction  of  this  revolution  proportional  to  the  sine  of  the  latitude 
of  the  plane  where  the  experiment  is  made,  is  a  purely  geometrical 
phsenomenon,  the  explanation  of  which  can  be  given  by  simple  geo- 
metry, as  has  lieen  done  by  M.  Foucault.  This  was  remarked  by 
M.  Poinsot,  at  the  meeting  of  the  Academy  on  the  25th  of  February, 
on  suggesting  in  support  of  his  opinion  a  new  experiment  to  be 
made  by  M.  Foucault. 

We  shall  now  show  the  manner  in  which  M.  Foucault  has  pro- 
ceeded to  determine  the  import  and  probable  magnitude  of  the  reality 
of  the  phaenomenon  which  he  had  so  well  anticipated.  We  shall 
borrow  the  description  of  his  experiment  from  the  extract  which  he 
has  given  of  it  in  the  Comptes  Rendus  of  the  Academy. 

"  In  the  vaulted  roof  of  a  cellar,  a  strong  piece  of  cast  iron  was 
firmly  imbedded  to  aftbrd  a  support  to  the  point  of  suspension  which 
emanates  from  the  centre  of  a  small  mass  of  tempered  steel,  the  free 
surface  of  which  is  perfectly  horizontal.     The  suspending  wire  con- 
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sists  of  steel  strongly  hardened  by  the  action  of  the  draw-plate ; 
its  diameter  varies  from  ^ths  to  -f^ths  of  a  millimetre  ;  it  extends  to 
the  length  of  two  metres,  and  to  its  lower  end  is  attached  a  sphere 
of  brass  turned  and  polished,  and  which  moreover  was  hammered  so 
that  its  centre  of  gravity  should  coincide  with  its  centre  of  form. 
This  sphere  weighed  five  kilogrammes,  and  a  sharp  prolongation 
■was  fixed  to  it,  apparently  forming  a  continuation  of  the  suspending 
wire. 

"  When  it  is  wished  to  make  the  experiment,  the  first  thing  to  be 
done  is  to  put  an  end  to  the  torsion  of  the  wire  and  the  rotatory  os- 
cillations of  the  sphere.  Then,  for  the  purpose  of  displacing  it  from 
its  position  of  equilibrium,  it  is  inclosed  in  a  noose  of  silk  thread,  the 
free  extremity  of  which  is  attached  to  some  fixed  point  in  the  wall, 
at  a  small  height  above  the  ground.  According  to  the  length  given 
to  this  thread,  the  displacement  of  the  pendulum  and  the  magnitude 
of  the  oscillations  which  it  may  be  wished  to  communicate  to  it,  are 
arranged  arbitrarily.  In  general,  in  my  experiments,  these  oscilla- 
tions, at  the  beginning,  comprised  an  arc  of  from  15  to  20  degrees. 
Before  proceeding  further,  it  is  requisite  to  deaden  by  some  obstacle, 
gradually  withdrawn,  the  oscillatory  motion  still  exercised  by  the 
pendulum  while  restrained  by  the  thread  and  suspending  wire.  As 
soon  as  the  pendulum  has  acquired  a  state  of  rest,  the  silk  thread 
is  burnt  at  some  point  of  its  extent,  the  noose  which  inclosed 
the  sphere  falls  to  the  ground,  and  the  pendulum,  obeying  the  sole 
force  of  gravity,  is  set  in  motion  and  exhibits  a  long  succession 
of  oscillations,  the  plane  of  which  soon  experiences  an  appreciable 
displacement. 

"  At  the  end  of  half  an  hour  this  displacement  is  such  as  to  be 
obvious ;  but  it  is  more  interesting  to  examine  the  ph?enomenon 
more  closely,  so  as  to  be  satisfied  of  the  continuity  of  the  effect.  For 
this  purpose  a  vertical  jJoint  is  made  use  of,  a  kind  of  style  mounted 
on  a  support  which  is  placed  uj)on  the  ground,  so  that  during  its 
to  and  fro  movement  the  sharp  appendage  at  the  base  of  the  pen- 
dulum, when  it  reaches  the  extremity  of  its  arc  of  oscillation,  almost 
grazes  the  fixed  point.  In  less  than  a  minute  the  exact  coincidence 
of  the  two  points  ceases  to  exist,  the  oscillating  point  becomins:  con- 
stantly displaced  towards  the  left-hand  of  the  observer,  indicating 
that  the  deviation  of  the  plane  of  oscillation  takes  place  in  the  same 
direction  as  the  horizontal  component  of  the  apparent  motion  of  the 
celestial  sphere.  The  mean  magnitude  of  this  motion,  compared 
with  the  time  occupied  in  its  production,  shows,  conformably  to  the 
indications  of  theory,  that  in  our  latitudes  the  horizontal  track  of 
the  plane  of  oscillation  does  not  complete  an  entire  revolution  in 
twenty-four  hours. 

"  To  the  politeness  of  M.  Arago,  and  to  the  intelligent  zeal  of  our 
able  instrument -malcer,  M.  Froment,  who  has  so  actively  seconded 
me  in  the  execution  of  this  undertaking,  I  am  indebted  for  being  able 
to  repeat  this  experiment  upon  a  larger  scale.  Taking  advantage  of 
the  lofty  transit-room  of  the  obser\'atory,  I  have  been  enabled  to 
give  a  length  of  eleven  metres  to  the  wire  of  the  pendulum.     The 
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oscillations  are  thereby  rendered  longer  and  slower,  so  that  between 
two  consecutive  returns  of  the  pendulum  to  the  starting-point,  a 
sensible  deviation  towards  the  left  becomes  clearly  perceptible." — 
Biblioth^eque  Universelle  de  Geneve,  Mars  1851. 


ON  THE  ELECTRIC  CURRENTS  WHICH  EXIST  IN  VEGETABLES. 
BY  PROF,   E.  WARTMANN. 

For  the  two  last  years  I  have  been  engaged  in  the  investigation  of 
the  various  physical  phaenomena  connected  with  vegetation,  and  I 
have  communicated  at  several  meetings  of  the  Societe  de  Physique 
et  d'Histoire  Naturelle  of  Geneva  the  results.  The  principal  sub- 
jects of  my  observations  were  the  influence  of  atmospheric  electricity 
and  that  of  the  battery  on  the  development  of  plants ;  the  influence 
of  electric  currents  and  electro-magnetic  induction  on  the  circulation 
of  the  sap  and  the  direction  of  the  organs ;  the  permeability  of  dif- 
ferent vegetable  parts  to  the  rays  of  heat  emanating  from  the  sun  or 
from  artificial  sources,  as  well  as  their  electric  conductibility ;  the 
polarizing  and  refractive  properties  of  several  tissues  traversed  by 
luminous  and  calorific  rays ;  the  electric  currents  which  exist  in  the 
soil  and  in  the  plants  which  vegetate  in  it,  &c. 

The  following  are  the  conclusions  to  which  the  examination  has 
led  me : — 

1 .  The  rheometer  detects  the  existence  of  electric  currents  in  all 
parts  of  vegetables,  except  those  which  are  furnished  with  isolating 
substances,  as  certain  scales  and  various  fruits  of  the  Coniferae,  or 
which  contain  scarcely  any  internal  humidity,  such  as  old  bark,  sca- 
rious  hairs,  &c. 

2.  These  currents  exist  night  and  day,  in  the  sun  as  well  as  in 
the  shade ;  they  are  not  destroyed  by  setherization  continued  for 
twenty-four  hours,  nor  by  the  partial  or  total  separation  of  the  por- 
tion examined  with  the  remainder  of  the  plant,  so  long  as  that  por- 
tion is  not  dry. 

3.  In  the  roots,  the  stems,  the  branches,  the  petioles  and  the  pe- 
duncles, there  exists  a  central  descending  current  and  a  peripherical 
ascending  current.      I  call  them  axial  currents. 

4.  On  connecting  by  means  of  the  galvanometer  the  layers  of  the 
stem  where  the  liber  and  the  alburnum  touch  (and  where  several  bo- 
tanists admit  a  descending  current  of  sap),  either  with  the  most  cen- 
tral parts  (pith  and  perfect  wood),  or  with  the  most  external  parts 
(young  bark),  we  find  a  lateral  current  passing  from  these  layers  to 
the  neighbouring  organs.  The  current  from  the  cambium  to  the 
pith  is  a  derivation  from  the  axial  currents.  In  some  roots  the 
central  body  and  the  cortical  substances  are  alike  positive  with  rela- 
tion to  the  succeeding  layers,  which  they  touch  and  unite.  The 
young  bark  is,  like  the  cambium,  negative  relatively  to  the  pith. 

5.  In  most  leaves,  the  current  proceeds  from  the  lamina  to  the 
nerves,  as  well  as  to  the  central  parts  of  the  petiole  and  the  stalk. 
In  certain  fleshy  plants,  it  is  directed  from  the  medullary  or  cortical 
portions  of  the  stalk  toward  the   mesophyllum,  and  from  the  latter 
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toward  the  superior  and  inferior  faces.     In  numerous  Cactuses,  it 
is  from  the  neighbouring  parts  toward  the  centre  of  the  eye. 

6.  The  currents  are  feeble  in  flowers,  and  in  the  buds  during 
winter,  whilst  they  are  very  marked  in  succulent  fruits  and  in  several 
species  of  grain. 

7.  In  fruits,  the  direction  of  the  axial  currents  varies  with  the 
species.  The  lateral  currents  proceed,  in  the  greater  number  of 
cases,  from  the  superficial  parts  to  the  subjacent  organs. 

8.  Mushrooms  exhibit  in  general  two  feeble  currents  ;  one  directed 
from  the  cap  to  the  base  of  the  stipes,  the  other  laterally  from  the 
centre  to  the  peripher)'. 

9.  A  similar  lateral  current  occurs  in  tubers. 

10.  The  strength  of  these  different  currents  depends  on  that  of 
the  vegetation,  and  the  abundance  of  sap  which  bathes  the  parts  of 
the  plant  under  examination.  It  is  in  general  greater  in  spring  than 
at  any  other  period. 

1 1 .  When  the  soil  and  any  part  of  a  plant,  visible  or  underground, 
is  placed  in  the  circuit  of  the  rheometer,  we  find  a  current  directed 
from  the  plant  to  the  soil,  which  is  thus  positive  with  relation  to  it. 

12.  The  superficial  layers  of  the  soil  are  frequently  positive  rela- 
tively to  those  which  surround  the  spongioles. 

13.  Currents  are  manifested  also  when  two  distinct  plants  are 
placed  in  the  circuit  of  the  rheometer,  either  by  inserting  an  unoxi- 
dable  needle  into  each  of  them  and  connecting  by  a  platina  wire  the 
earth  with  the  different  vessels  in  which  they  vegetate,  or  by  making 
a  communication  between  the  plants  by  means  of  the  wire,  and  pla- 
cing in  the  mould  the  terminal  needles  of  the  apparatus. 

14.  The  galvanometric  de%-iations  obtained  by  inserting  platina 
needles  into  the  vegetable  organs  are  often  very  considerable ;  but  they 
diminish  with  rapidity,  and  in  the  end  generally  become  almost  nuU. 
They  result  first  from  an  electro-chemical  action  between  the  liquid 
substcinces  brought  into  contact  by  the  tearing  of  the  tissues.  The 
weak  residual  current  (which  is  the  normal  current)  owes  its  origin 
to  the  interposition  of  the  porous  vegetable  walls  between  juices  of 
different  concentration,  and  proceeds  through  them  from  the  densest 
to  the  least  dense  liquid. 

15.  The  vegetable  currents  form  very  probably  closed  circuits. 
The  radical  extremities  of  one  part,  and  the  foliaceous  terminations 
of  the  other,  establish  the  continuity  of  the  peripheric  ascending 
current  with  the  central  descending  one.  The  similarity  of  the  lateral 
electric  state  of  the  wood  and  the  external  part  of  the  bark  results 
perhaps  from  an  action  of  the  medullary  rays,  which  convey  to  the 
surface  a  part  of  the  ascending  sap,  and  thus  dilute  the  external 
descending  juices. 

16.  The  electric  state  of  the  soil,  and  probably  also  the  exhalation 
which  takes  place  by  the  organs  furnished  with  stomata,  influence 
the  electricity  of  the  ambient  atmospheric  strata. 

The  majorit}'  of  these  propositions  were  announced  in  a  memoir 
read  to  the  Societe  de  Physique,  at  its  general  sitting  of  the  SOth  of 
December  1849.     They  have  been  publicly  reproduced  in  the  winter 
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course  of  1849-50,  which  I  delivered  to  the  Faculty  of  Sciences  of 
our  Academy,  and  I  have  verified  them  at  different  intervals  during 
the  summer  which  has  just  terminated. 

M.  Becquerel  has  also  been  engaged  since  last  May  in  observa- 
tions analogous  to  the  foregoing  (which  were  not  known  to  him)  ; 
the  conclusions  he  comes  to  are  the  following*  : — 

There  is  a  production  of  derived  currents  in  the  stems  of  vege- 
tables, by  the  aid  of  platina  needles  inserted  into  the  bark  and  into 
the  wood,  directed  from  the  parenchyma  to  the  pithf. 

A  production  of  derived  currents  proceeding  from  the  cambium 
to  the  j)arenchyma,  and  directed,  consequently,  in  an  inverse  direction 
to  the  i)receding  +  . 

The  sap,  or  the  liquid  in  the  cortical  parenchvma,  kept  for  some 
instants  in  contact  with  the  air,  experiences  such  a  modification,  that 
on  putting  it  again  in  contact  with  the  sap  contained  in  the  green 
part  of  the  parenchyma  of  the  bark,  it  becomes  negative  and  the 
other  positive  §. 

Currents  from  the  pith  and  the  wood  to  the  bark,  by  the  media- 
tion of  the  roots. 

These  last  currents  show,  that,  in  the  act  of  vegetation,  the  earth 
acquires  continually  an  excess  of  positive  electricity  ;  the  parenchyma 
of  the  bark  and  a  part  of  the  wood,  an  excess  of  negative  electricity, 
which  is  transmitted  to  the  air  by  means  of  the  vapours  of  exhaled 
water. 

The  leaves  act  like  the  green  part  of  the  parenchyma  of  the  bark  ; 
that  is  to  say,  the  sap  wbich  circulates  in  their  tissues  is  negative 
with  relation  to  the  wood,  to  the  pith,  and  to  the  earth,  and  positive 
with  regard  to  the  cambium. 

The  distribution  of  the  ascending  sap  and  the  liquid  of  the  cortical 
parenchyma  leads  to  the  belief  that  cun^ents  continually  circulate  in 
vegetables  from  the  bark  to  the  pith. 

Chemical  actions  are  the  first  causes,  it  cannot  be  doubted,  of  the 
electric  effects  observed  in  vegetables. 

The  electric  effects  which  occur  in  vegetables  are  very  various, 
and  it  is  not  possible  as  yet  to  observe  more  than  a  small  number. 

The  opposite  electric  states  of  vegetables  and  the  earth  give  reason 

*   Comptes  Rendiis,  sitting  of  November  4,  ISoO,  vol.  xxxi.  p.  634. 

t  This  derivation  is  effected,  not  by  the  galvanometer,  but  laterally  be- 
tween the  parts  ])lace(l  in  the  circuit  of  the  instrument.  This  is  the  result 
indicated  in  my  fourth  conclusion. 

+  For  these  currents  to  be  derived,  the  cambium  (or  the  organs  of  its 
circulation)  and  the  cortical  parenchyma  would  require  to  be  traversed  by 
inverse  axial  currents,  which  observation  does  not  confirm. 

§  Admitting  that,  on  the  contact  of  the  air,  the  liquid  of  the  denuded 
part  is  concentrated  by  evaporation  (or  by  some  phajnomenon  of  oxidation^ 
the  fact  in  question  is  explained  by  means  of  the  general  jirinciple  which  I 
have  just  cited.  It  accounts  also  for  the  derjingement  of  direction  of  the 
peri|)herical  current  which  is  manifested  sometimes  when  the  needles  in- 
serted into  the  bark,  one  more  (leei)ly  than  the  other,  remain  there  duiing 
a  certain  time. 
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to  think,  that,  from  the  enormous  vegetation  in  certain  parts  of  the 
globe,  they  must  exert  some  influence  on  the  electric  phaenomena  of 
the  atmosphere. — Bibliotheque  Universelle  de  Geneve,  Dec.  1850. 


AN  INSTANCE  OF  THE  DEVELOPMENT  OF  ELECTRICAL  ACTION  IN 
A  FACTORY. 

My  attention  was  recently  directed  to  an  instance  of  the  develop- 
ment of  electrical  action  in  a  factory  of  this  city  that  seems  worth 
recording. 

The  floors  of  this  factory  are  laid  with  asphalt  on  arches  of  corru- 
gated iron.  The  arches  are  sprung  between  cast-iron  cross-beams, 
supported  in  the  middle  of  their  length  by  columns  of  the  same  mate- 
rial;  and  at  the  ends  by  the  side-walls  of  the  building,  as  in  other 
fire-proof  structures  of  the  kind.  It  is  observed,  that  when  the  ma- 
chinery of  the  factory  is  in  action,  there  is  a  development  of  elec- 
tricity in  some  of  the  apartments,  and  so  strong  as  to  be  troublesome 
to  the  workers.  In  one  room  especially,  to  which  my  attention  was 
chiefly  directed,  the  accumulation  of  the  fluid  is  so  considerable,  that 
it  has  been  found  necessary  to  protect  the  work-people  from  the  acci- 
dental shocks  they  were  now  and  again  receiving,  by  connecting  the 
machines  with  the  iron  columns  of  the  building. 

In  this  room  there  is  a  cast-iron  lathe-shears  of  about  twenty-five 
feet  in  length,  mounted  with  half-a-dozen  small  heads  for  wood- 
turning.  The  spindles  have  consequently  a  high  velocity,  and  are 
driven  by  leather  belts  in  the  usual  way.  The  counter- shafts  are 
suspended  by  gallowses  from  a  continuous  runner  of  plank,  techni- 
cally grounds,  attached  by  bolts  to  the  iron  beams  of  the  floor  above  ; 
and  derive  their  motion  by  leather  belts  passing  to  pulleys  on  the 
main  line  of  shafting  of  the  room.  The  shears  are  supported  on  iron 
standards,  which  rest  on  the  asphalt  floor. 

Some  experimental  observations  were  made  on  the  electrical  con- 
dition of  this  machine  when  only  three  of  the  heads  were  in  action. 
On  breaking  the  connexion  between  the  lathe  and  the  column,  by 
removing  the  wire  with  which  they  are  usually  connected  for  the  pro- 
tection of  the  workers,  and  allowing  the  electricity  to  accumulate  for  a 
few  seconds,  a  pretty  smart  shock  was  experienced  by  the  operator 
on  his  re-establishing  the  circuit  by  resting  one  hand  on  the  shears 
and  extending  the  other  into  contact  with  the  column.  When  the 
end  of  the  connecting  wire  was  held  at  a  distance  of  about  one- 
twelfth  of  an  inch  from  the  column,  the  intermediate  space  w'as 
constantly  luminous ;  at  greater  distances,  the  passage  of  the  fluid 
was  intermittent;  but  even  at  one-fourth  of  an  inch  the  succession 
of  sparks  was  very  rapid.  A  very  delicate  multiplicator  placed  in 
the  current  was  not  sensibly  aff^ected  ;  and  no  deposition  of  copper 
from  the  solution  of  sulphate  was  effected  by  it  in  half-an-hour. 
But  an  electro- magnet,  when  placed  in  the  current,  acquired  con- 
siderable intensity,  and  acted  powerfully  on  the  needle  of  the  mul- 
tiplicator, and  hkewise  on  that  of  a  tangent  compass. 
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Tried  by  the  gold-leaf  electroscope,  the  electricity  was  found  to  be 
positive.  This  was  ascertained  immediately  after  the  instrument  was 
taken  into  the  room  ;  had  the  experiment  been  delayed,  it  is  pro- 
bable that  the  fact  would  not  have  been  satisfactorily  determined,  as 
the  instrument  very  soon  became  so  excited  by  the  opposite  currents 
in  the  room,  that  its  action  was  quite  uncertain.  And  latterly,  when 
brought  vertically  within  about  two  feet  of  one  of  the  driving  belts, 
the  motion  of  the  leaves  became  so  violent  that  about  three-fourths 
of  the  length  of  one  of  them  was  torn  off,  and  adhered  to  the  side 
of  the  jar.  The  excitation  did  not  wholly  disappear  till  several  hours 
after. 

It  may  seem  somewhat  contradictory  that  in  these  experiments 
the  same  current  that  affected  the  electro-magnet  did  not  similarly 
affect  the  needle  of  the  multiplicator.  As  this  circumstance  may 
perhaps  be  referable  to  the  difference  of  character  of  the  respective 
helices,  it  may  be  proper  to  note  that  those  of  the  multiplicator  are 
composed  of  about  300  feet  length  of  rather  fine  wire,  whereas  the 
hehces  of  the  magnet  are  composed  of  ten  strands  of  sixteen  feet 
length  each  of  much  stronger  wire.  It  was  found  however  that  the 
helices  of  the  multiplicator  were  capable  of  transmitting  the  current 
without  any  obvious  diminution.  The  explanation  does  not  therefore 
appear  to  be  quite  satisfactory. 

W.  M.  Buchanan. 

Glasgow,  April  16,  1851. 

DISCOVERY  OF  A  NEW  PLANET. 
To  the  Editor  of  the  Times. 

Sir, — At  ten  minutes  before  1  o'clock  this  morning  (May  20)  I 
discovered  another  new  planet  in  the  constellation  Scorpio,  about 
8°  north  of  the  ecliptic,  and  forming  at  the  time  an  equilateral  triangle 
with  the  stars  i,  Scorpii  and  -^  Librae.  It  is  of  a  pale  bluish  colour, 
and  its  light  is  about  equal  to  that  of  a  star  of  the  ninth  magnitude. 

The  following  are  the  observed  places  : — 

Greenwich  Mean  Time.  Right  Ascension.  North  Polar  Distance, 

hms  hms                            „              , 

May  19,  at      12  52  36  16  4  10-41                103  23  34-9 

13  26  36  16  4     8-81                103  23  376 

Whence  we  may  infer  that  the  right  ascension  is  now  diminish- 
ing at  the  rate  of  T"  S^  daily,  the  change  in  N.P.D.  in  the  same 
inter\-al  being  small,  probably  not  exceeding  two  minutes. 

ITiis  is  the  fourth  planet  detected  here  during  a  close  examina- 
tion of  the  zodiacal  heavens.  The  others  are — Iris,  discovered 
August  13,  1847  ;  Flora,  on  October  IS  of  the  same  year;  and  Vic- 
toria, September  13,  1850. 

Sir  John  Herschel,  who  was  consulted  by  Mr.  Bishop  in  refer- 
ence to  the  choice  of  the  name,  proposes  to  call  the  planet  Irene 
(properly  Eirene,  Elpij^r],  Peace),  one  of  the  Seasons  among  the 
Greeks,  and  therefore  satisfying  the  condition  which  has  hitherto 
guided  astronomers  in  the  selection  of  names  for  newly  discovered 
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planets,  namely,  that  it  shall  be  found  in  the  mythology  of  Greece 
or  Rome.  There  is  also  an  allusion  to  the  peace  actu^ly  reigning 
in  Europe,  to  the  friendly  feeling  prevailing  in  relation  to  all  fo- 
reigners in  England  at  the  present  moment,  and,  by  implication,  to 
the  arts  and  sciences  fostered  by  Peace  and  represented  in  the 
Crystal  Palace.  The  symbol  suggested  is  a  dove  with  olive  branch 
and  star  on  head. 

We  intend  to  adopt  this  name  and  symbol  (supposing  there   be 

no  prior  claim  to  the  right  of  discovery)  ;  and,  as  emanating  fi-om  so 

high  an  authority,  we   hope  it  will  be  received  with  satisfaction  by 

astronomers  as  a  humble  tribute  to  the  art  and  science  of  the  world. 

I  remain.  Sir,  yours  respectfully, 

Mr.  Bishop's  Observatory,  Regent's  Park,  J.  R.  Hind*. 


DISCOVERY  OF  A  NEW  METAL.       BY  DR.  BERGEMAXX. 

In  making  some  experiments  with  the  Wcehlerite  and  Enkolite 
from  the  zirkon -syenite  of  Brevig  in  Norway,  the  author  sepa- 
rated a  substance,  which,  both  in  its  oxidized  state  as  well  as  in  its 
compounds,  differed  from  all  the  known  simple  bodies.  The  name 
of  donarium  has  been  assigned  to  it  after  the  Teutonic  god  Donar, 
the  northern  Thor. 

The  mineral  in  which  it  occurs  is  easily  decomposed,  and  forms,  with 
muriatic  acid  a  perfectly  transparent  jelly,  without  the  least  residue. 
The  separation  of  the  different  constituents  presented  no  difficulty. 
The  finely-powdered  mineral,  dried  at  212°,  was  decomposed  with 
hydrochloric  acid,  and  the  silica  determined  in  the  usual  manner. 
The  acid  liquid  filtered  from  the  silica  was  treated  with  ammonia, 
and  the  dazzling  white  precipitate  produced  quickly  brought  upon 
a  filter  and  washed.  It  contained  the  whole  of  the  oxide  of  dona- 
rium and  a  trace  of  iron  ;  no  alumina  was  present.  The  separation 
of  the  iron  from  the  oxide  of  donarium  might  have  been  effected  by 
redissolving  the  precipitate  in  an  alkaline  carbonate  ;  as  however 
small  quantities  of  peroxide  of  iron  cannot  be  accurately  separated 
in  this  manner,  it  was  preferred  to  ignite  the  precipitate,  which  by 
exposure  to  the  air  had  acquired  a  yellowish,  and  gradually  a  red- 
dish-yellow colour,  and  then,  after  having  reduced  it  to  a  fine  pow- 
der, digesting  it  for  some  time  with  hydrochloric  acid.  In  this 
manner  the  iron  was  completely  separated.  The  oxide  of  donarium 
was  collected  upon  a  filter  and  washed ;  but  as  the  liquid  which 
passed  long  exhibited  traces  of  hydrochloric  acid,  the  oxide  was 
again  digested  with  a  little  carbonate  of  soda,  then  washed,  calcined, 
and  its  weight  determined.  The  peroxide  of  iron  was  precipitated 
from  the  hydrochloric  acid  solution  by  ammonia.  The  lime  and 
other  substances  contained  in  the  ammoniacal  liquid  separated  from 

*  We  have  much  pleasure  iu  learning  that  our  highly  esteemed  coim- 
tryman,  Mr.  Hind,  has  been  elected  Correspoudmg  Member  of  the  French 
Academy  in  the  place  of  the  cUstiuguished  astronomer  Schumacher.  Our 
readers,  at  the  same  time,  will  be  happy  to  learn  that  Prof.  Wheatstone  has 
been  unanimously  elected  CoiTespoudmg  Member  of  the  Royal  Academy 
of  Science  of  Berlin. — Eds. 
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the  oxide  of  donarium  were  determined  according  to  the  usual 
methods.     The  following  are  the  results  of  the  analysis : — 

Silica 17-695 

Oxide  of  donarium    71*24'7 

Carbonate  of  lime 4"04-2 

Peroxide  of  iron     0"3I0 

Magnesia  and  oxide  of  manganese  ....  0"214' 

Potash  with  a  little  soda  0-303 

Water    6-900 

100-74.1 

Assuming  the  silica,  oxide  of  donarium  and  water  to  form  the 
essential  constituents  of  the  mineral,  and  the  carbonate  of  lime  with 
the  other  0-825  per  cent,  of  substances  to  be  merely  accidental  impu- 
rities, we  have  the  following  ratio : — 

Silica 1 8-463 

Oxide  of  donarium    74-338 

Water     7-199 

Oxide  of  donarium  contains  13*072  per  cent,  of  oxygen  ;  conse- 
quently the  oxygen  ratio  in  the  silicic  acid,  oxide  of  donarium  and  water 
is  as  1  :  1  :  1^,  according  to  which  the  mineral,  admitting  oxide  of 
donarium  to  have  the  composition  R-  O^,  will  be  represented  by  the 
formula  Do-^  O^  SiO^  +  2HO,  and  the  simplest  name  for  the  mineral 
will  be  silicate  of  the  oxide  of  donarium. 

The  hydrate  of  the  oxide  of  donarium  has  while  moist  a  white 
colour,  but  gradually  turns  yellow.  It  forms  a  bulky  precipitate, 
which  is  easily  collected  upon  a  filter,  but  is  difficult  to  free  entirely 
from  the  precipitant,  especially  when  potash  or  soda  has  been  used. 
When  dried  at  the  ordinary  temperature  of  the  air,  it  forms  gum- 
like masses  <^'i  a  yellow  colour,  which  furnish  a  reddish  powder.  In 
this  state  it  forms  a  pure  hydrate  of  the  oxide,  which  probably,  like 
the  peroxide  of  iron,  is  capable  of  uniting  with  water  in  several  pro- 
portions. The  water  is  expelled  at  a  moderately-elevated  tempera- 
ture. The  hydrate  dissolves  at  the  ordinary  temperature  in  all  acids, 
and  very  quickly  with  the  assistance  of  heat.  No  chlorine  is  disen- 
gaged when  hydrochloric  acid  is  employed. 

Metallic  Donarium  was  prepared  from  the  oxide  by  heating  it 
with  potassium.  The  decomposition  is  very  rapid,  and  with  evolu- 
tion of  light.  On  treating  the  mass  with  water,  the  metal  separates 
as  a  heavy  coal-black  powder.  When  the  alkaline  solution  is  quickly 
decanted  and  the  powder  rinsed  with  water,  it  can  be  kept  under  cold 
water  from  twenty- four  to  thirty-six  hours  without  any  change,  but 
under  hot  water  it  gradually  turns  yellowish-gray,  the  result  of 
oxidation.  The  powder,  when  dry  and  rubbed  in  an  agate  mortar, 
acquires  a  metallic  lustre.  When  the  powder  is  thrown  into  the 
flame  of  a  lamp,  it  burns  with  a  reddish  light  into  red  oxide,  and 
likewise  when  the  black  powder  is  heated  in  a  platinum  spoon. 
Cold  and  boiling  hydrochloric  acid  have  no  action  upon  the  metal. 
Nitric  acid  does  not  act  in  the  cold,  and  but  very  feebly  on  the  em- 
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ployineiit  of  heat.  Nitroiuuriatic  acid  quickly  converts  it  into  red 
oxide,  of  which  a  small  portion  dissolves.  Treated  with  sulphuric 
acid,  it  is  quickly  converted  into  the  sulphate.  This  salt  was  found 
to  consist  of — 

Sulphuric  acid 31 -'236 

Oxide  of  donariuni    47'734 

Water     21*030 

Admitting  that  the  oxygen  of  the  sulphuric  acid  amounts  to  three 
times  that  in  the  oxide,  we  should  find  6'2A:  parts  in  it,  which,  sup- 
posing the  oxide  to  be  R-0',  would  give  for  the  metal  the  atomic 
weight  997"4',  and  for  the  oxide  2294'-8  ;  or  100  parts  of  oxide  con- 
tain 13-072  oxygen. 

The  oxide  of  donarium  obtained  by  strongly  calcining  t!ie  hydrate 
is  of  a  very  dark  red  colour,  and  forms  a  heavy  powder.  In  a  very 
fine  state  of  division,  it  has  an  orange  colour,  becomes  darker  when 
strongly  ignited,  but  again  paler  on  cooling.  According  to  one 
determination,  its  specific  gravity  is  5'576.  The  strongly- calcined 
oxide  is  not  attacked  by  hydrochloric,  nitric,  uitromuriatic,  nor  even 
by  hydrofluoric  acids.  Nothing  is  reduced  or  dissolved  on  long 
digestion  with  hydrochloric  acid  to  which  a  little  alcohol,  sugar, 
tartaric  or  oxalic  acid  has  been  added.  Only  by  the  long-continued 
action  of  concentrated  sulphuric  acid  is  the  mass  rendered  soluble 
when  subsequently  diluted  with  much  water.  Strongly-calcined 
zirconia  dissolves  far  more  quickly  in  strong  sulphuric  acid  than  the 
oxide  oi'  donarium.  When,  on  the  contrary,  the  oxide  has  only  been 
exposed  to  a  temperature  sufficient  to  expel  the  water  from  the  hy- 
drate, it  is  slightly  attacked  by  hydrochloric  acid  without  any  dis- 
engagement of  chlorine. 

The  solutions  of  the  hydrated  oxide  in  nitric  and  sulphuric  acid 
are  colourless;  that  in  hot  hydrochloric  acid  is  yellow,  almost  like 
a  solution  of  iron.  The  colour  of  this  solution  disappears  almost 
entirely  on  cooling,  but  is  again  reproduced  by  warming. 

The  oxide  is  precipitated  from  its  solution  by  potash  and  soda,  and 
is  not  soluble  in  an  excess  of  the  precipitant ;  ammonia  behaves  iu 
a  similar  manner,  but  the  precipitate  is  more  bulky,  resembling  alu- 
mina precipitated  by  ammonia.  The  carbonates  of  potash,  soda  and 
ammonia,  as  well  as  the  bicarbonates,  produce  a  white  precipitate, 
which  dissolves  very  readily  in  an  excess  of  the  precipitant.  Oxalic 
acid  immediately  produces  a  thick  white  precipitate  in  a  neutral  or 
acid  solution,  which  is  insoluble  in  free  oxalic  acid,  but  can  be  dis- 
solved by  a  large  addition  of  hydrochloric  acid  and  the  application 
of  heat.  A  concentrated  solution  of  sulphate  of  potash  produces  a 
precipitate  very  slowly  in  the  sulphuric  solution,  which  dissolves  on 
the  addition  of  water.  Ferrocyanide  of  potassium  furnishes  a  flesh- 
coloured  precipitate,  inclining  to  brown,  in  a  neutral  solution.  Car- 
bonate of  baryta  completely  separates  oxide  of  donarium  from  its 
solutions;  sulphuret  of  ammonium  gives  a  dark  green  flocculent 
precipitate,  insoluble  in  an    excess.     Ferridcyanide   of  potassium, 

Phil.  May.  S.  4.  Xo.  7.  SuppL  Vol.  1.  2  R 
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sulpluiretted  liydrogen  and  tincture  of  gidls  have  no  efTcct  upon 
solutions  of  the  oxide. 

The  oxide  of  donarium  exhibits  no  characteristic  reaction  with 
the  blowpipe.  On  charcoal  alone  it  is  unalterable ;  fused  with  soda, 
it  forms  a  bead,  in  which  the  particles  of  the  oxide  float  undissolved, 
and  on  cooling  may  easily  be  distinguished  with  a  lens  by  their  red 
colour;  with  borax  and  with  microcosniic  salt  it  gives  a  yellowish 
bead,  which  on  cooling  becomes  colourless.  —  Poggendorff 's  Annalcn, 
April  18,  1851. 


MODE  OF  DISTINGUISHING  ARTIFICIAL  FHOM  NATURAL 
CAMPHOR.       BY  J.  W.  BAILEY. 

By  the  application  of  polarized  light,  the  smallest  portion  of 
natural  camphor  may  be  distinguished  from  the  artificial  camphor 
(chlorohydrate  of  camphene).  If  small  fragments  of  each  be  placed 
separately  on  glass  slides,  and  a  drop  of  alcohol  added  to  each,  they 
dissolve  and  speedily  recrystallize.  If  the  crystallization  of  the 
natural  camphor  is  watched  by  means  of  the  microscope  and  po- 
larized light,  a  most  beautiful  display  of  coloured  crystals  is  seen, 
while  with  the  artificial  product  nothing  of  the  kind  is  witnessed. 
— Silliman's  Journal,  May  1851. 


ON  THE  DETECTION  OF  SULPHUR.       BY  J.  W.  BAILEY. 

Dr.  Playfair's  beautiful  salt,  the  nitroprusside  of  soda,  is  justly 
recommended  by  its  discoverer  as  the  most  delicate  of  all  tests  fur 
alkaline  sulphides  [sulphurets]*.  An  application  of  it  which  is  very 
obvious,  although  not  alluded  to  by  Dr.  Playfair,  is  to  employ  it  not 
only  as  a  direct  test  for  alkaline  sulphurets,  but  as  an  indirect  one 
for  sulphur  in  any  of  its  compounds.  Any  substance  containing 
sulphur  will  yield  an  alkaline  sulphuret  if  heated  with  carbonate  of 
s<jda,  either  with  or  without  the  addition  of  carbonaceous  matter, 
according  as  a  deoxidizing  action  is  or  is  not  required.  The  mag- 
nificent purple  which  is  then  produced  by  the  addition  of  the  fused 
mass  to  a  drop  of  the  solution  of  the  nitroprusside  will  at  once  prove 
the  presence  of  sulphur.  This  reaction  is  so  easily  obtained  and  is 
so  decisive,  that  the  nitroprusside  of  soda  must  take  its  place  among 
the  most  useful  adjuncts  to  the  blowpipe  tests.  By  means  of  it  the 
presence  of  sulphur  in  the  smallest  particles  of  coagulated  albumen, 
horn,  nails,  feathers,  mustard  seed,  (\c  ,  which  can  be  conveniently 
supported  on  a  platinum  wire  for  blowpipe  experiment,  nuiy  be  most 
distinctly  shown ;  and  I  have  repeatedly  obtained  the  characteristic 
purple  tint  in  operating  upon  a  |)iece  of  a  single  fibre  of  the  human 
liair  less  than  an  incli  in  knfjlli. — 8illiman"s  Journal,  May  1851. 

*  Sec  London,  Ediubnrgh  and  Dulilin  Phil.  Mag.,  vol.  xxxvi.  p.  208. 
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